Classification of Newborns Based on Maturity Rating and Intrauterine Growth at the Medical College of Virginia Hospitals by Sund, Lydia Holmes
Virginia Commonwealth University 
VCU Scholars Compass 
Theses and Dissertations Graduate School 
1991 
Classification of Newborns Based on Maturity Rating and 
Intrauterine Growth at the Medical College of Virginia Hospitals 
Lydia Holmes Sund 
Follow this and additional works at: https://scholarscompass.vcu.edu/etd 
 Part of the Biostatistics Commons 
 
© The Author 
Downloaded from 
https://scholarscompass.vcu.edu/etd/5536 
This Thesis is brought to you for free and open access by the Graduate School at VCU Scholars Compass. It has 
been accepted for inclusion in Theses and Dissertations by an authorized administrator of VCU Scholars Compass. 
For more information, please contact libcompass@vcu.edu. 
School of Bas ic Health Sciences 
virginia Commonwealth University 
Thi s  is to cert ify that the thes i s  prepared by Lydia Holmes 
Sund ent itled Cl assifica tion of Newborns Based on Ma turi ty 
and In tra u terine Growth a t  the Medical Col l ege of Virginia 
Hospi tals has been approved by her committee as satisf actory 
completion of the thes is requirement for the degree of Master 
of S cience . 
Director 
Committ�e Member 
Committee Member 
Clas sification of Newborns Based on Maturity Rat ing and 
Int rauterine Growth at the Medical Col l ege of virginia 
Hospital s  
A thesis submitted in partial fulf i l lment of the requirements 
for the degree of Master of Science in the Department of 
Biostat ist ics at Virginia Commonwealth Univers ity . 
By 
Lydia Holmes Sund 
B . S . , Virginia Commonwealth univers ity , 1972 
Certif icate , Virginia Commonwealth University , 1986 
Director : Dr . C .  Gennings 
virginia Commonwealth Univers ity 
Richmond , virginia 
August , 1991 
i i 
Acknowledgments 
I would l ike to thank the members of my committee , Dr . 
Chris Gennings , Dr . Pippa S impson , and Dr . Beth Collins f or 
all the t ime and help they have given me . A special thank 
you to Dr . Gennings for all her encouragement and patience . 
I would also l ike to thank my husband and chi ldren for their 
support whi le I was in graduate s chool . Thanks also to all 
my c lassmates for the t ime spent studying together , answering 
question ,  and just talking . 
List of Tables 
List of Figures 
Abstract 
Chapter 
Overview 
Introduct ion 
Out l ine . 
Introduct ion 
Background 
Table of Contents 
Newborn Maturity Rating and Classif ication 
Development of Graphs 
Study Objectives 
Pi lot Study 
Methodology 
Maternal Descriptive Statist ics 
Infant Descript ive Statistics 
A Statistical Model for 
Interexaminer Reliabi l ity 
Rater E f f ects 
The Int raclass Correlation Coef f icient 
Rel iability of Qual itat ive Variables 
Examination of I nt errater Error 
Rater E f f ect 
Int raclas s Correlation Coef f i cient 
Weighted Kappa . 
Conclusion and Recommendat ions 
i i i  
Page 
v 
viii 
xi 
1 
1 
4 
6 
6 
8 
9 
11 
13 
13 
22 
26 
28 
29 
30 
33 
34 
42 
55 
55 
61 
Graphs 
weight 
Lubchenco Method 
Two Standard Deviat ions f rom the Mean 
Length 
Head Circurrrr erence 
Characteristics of Mothers and Infants 
Conclus ions and Recommendations 
Conclusions . 
Recommendations 
Bibliography 
Appendix 
Vita 
i v  
62 
62 
63 
96 
103 
127 
149 
152 
152 
153 
156 
160 
168 
v 
List of Tables 
Tabl e  Page 
1. Data From Pi lot Study 
2. Antepartum Complicat ions 
3. Gestat ional Age and Method 
4. Classif icat ion of Infant s by Gestat ional Age . 
5. Infant Clas s i f i cat ion by Sex 
6. Analys i s  of Variance for Interexaminer 
Reliab i lity Study 
7. Joint proportions of Ratings 
8. Pilot Study Length Measurement s 
9. Pi lot Study Dif f erences in Length Measurements 
18 
25 
26 
27 
28 
31 
33 
35 
Between Examiners 37 
10. Pilot Study Dif f erences in Length Measurement s  
Between Examiners and Labor and Deli very Staff 38 
1l. Pilot Study Head Circumf erence Measurements 39 
12. Pilot Study Chest Circumference Measurement s 40 
13. Pilot Study Midarm Circumfernce Measurement s 41 
14. Pilot Study Bal lard Scores 43 
15. Lengths General Linear Models Procedure 4 4  
16. Head Circumf erence General Linear Model s Procedure 4 5  
17. Chest Circumference General Linear Models Procedure 46 
18. Midarm Circumf erence General Linear Models Procedure 47 
19. Pilot Study P - values for Test s  of Rater E f f ects 4 8  
20. Pilot Study Estimates of the I ntraclass 
Correlation Coef f icient . 57 
21. Pi lot Study Frequency of Agreement on Ballard 
S core Between The Two Raters 58 
22. Pilot Study Proportion of I nfants in Each 
Category Based on Bal lard Scores of the 
Two Raters 59 
23. pilot Study Weights Used for Calculation of 
weighted Kappa . 60 
24. I nfants by Gestat ion 64 
25. Gestat ional Age by weight 66 
26. CUmulative Frequency of Gestat ion Age 
Birth Weight s Tabulated in 100 Gm . I ntervals 77 
27. Infant Weights Percent iles before Smoothing 
28. Intrauterine Growth Males and Females 
Ends Un smoothed 
29. Intrauterine Growth Males and Females 
Compari son of Richmond and Colorado 
Richmond Ends Unsmoothed 
30. I ntrauterine Growth Males and Females 
Ends Smoothed 
31. Intrauterine Growth Males and Females 
Compari son of Richmond and Colorado 
Richmond Ends Smoothed 
32. weight Clas sif icat ion Us ing Colorado Graphs 
33. weight Classif ication Using Richmond Graphs 
34. weight and Standard Deviations 
35. Classificat ion Us ing Standard Deviations 
81 
82 
84 
88 
90 
95 
95 
97 
99 
v i  
36. CUmulative Frequencies for Length 108 
37. Length Smoothed Ends Unsmoothed 
38. Length Smoothed Ends Smoothed 
39. Length for Richmond and Colorado 
40. Length and the Colorado Graphs 
12 1 
12 3 
126 
12 2 
v i i  
4 l .  Length and the Ri chmond Graphs 127 
4 2 . Cumulative Frequencies for Head Circumference 1 3 0  
4 3 . Head Circumference Percent iles before Smoothing 14 0 
4 4 . Head Circumference Smoothed 14 6 
4 5 . Head Circumference for Richmond and Colorado 147 
4 6 . Head Circumference and the Colorado Graphs 14 9 
47 . Head Circumference and the Richmond Graphs 1 4 9  
4 8 . Data From Final Study 1 5 9  
List of Figures 
Figure 
1 .  Newborn Maturity Ratings and Classif ication 
v i i i  
Page 
S ide 1 . 2 
2 .  Newborn Maturity Rat ings and Clas s i f i cat ion 
S ide 2 3 
3 .  Variables 15 
4 .  Hol l ingshead ' s  Two - Factor Index of Social Position 2 3  
5 .  Raters and Length 5 0  
6 .  Raters and Head Circumf erence 5 1  
7 .  Raters and Chest Circumf erence 5 2  
8 .  Raters and M i d  Arm Circumf erence 5 3  
9 .  Calculat ing the I nt raclass Correlat ion Coeff icient 5 6  
1 0 . weight at 3 5  Weeks 7 0  
1 1 .  Weight at 3 6  Weeks 7 1  
1 2 . Weight at 3 7  Weeks 7 2  
1 3 . weight at 3 8  Weeks 7 3  
14 . weight at 3 9  Weeks 7 4  
1 5 . Weight at 4 0  Weeks 7 5  
1 6 . Weight at 4 1  Weeks 7 6  
17 . Richmond Percenti l e  Smoothed Ends Unsmoothed 8 3  
1 8 . Weight Percentiles for Richmond and Colorado 8 6  
1 9 . Richmond Percent i les Ends Smoothed 8 9  
2 0 . Weight f o r  Richmond and Colorado Ends Smoothed 9 2  
2 1 . Smoothed 1 0th and 9 0th Percent iles for 
Ri chmond and Colorado 9 3  
ix 
2 2 . weight +- Two Standard Deviat ions 9 8  
2 3 . weight + - 2 Standard Deviat ions From the Mean 1 0 0  
2 4 . Mean +- 2 Standard Deviations Richmond and Colorado 
1 0th and 9 0th Percentiles 1 0 1  
2 5 . Mean +- 2 Standard Deviations For Richmond 
Plotted Against Smoothed Richmond Percenti l es 1 0 2  
2 6 . weight and Gestat ional Age 1 0 4  
2 7 . Length and Gestat ional Age 1 0 6  
2 8 . Length at 3 5  Weeks 1 1 1  
2 9 . Length at 3 6  Weeks 1 1 2  
3 0 . Length at 3 7  Weeks 1 1 3  
3 1 .  Length at 3 8  Weeks 1 1 4  
3 2 . Length a t  3 9  Weeks 1 1 5  
3 3 . Length at 4 0  Weeks 1 1 6  
3 4 . Length at 4 1  Weeks 117 
3 5 . Length Unsmoothed Percent i les 
3 6 .  Length 1 0th and 9 0th Percent i les Af ter 
One Smoothing 
3 7 . Length 1 0th and 9 0th Percent i les Af ter 
Two Smoothings 
1 1 8  
1 1 9  
1 2 0 
3 8 .  Length l Oth and 9 0th Percent iles Ends Smoothed 1 2 4  
3 9 . Length Richmond and Colorado 
1 0th and 9 0 th Percent iles 
4 0 . Head Circumference and Gestat ional Age 
4 1 .  Head Circumference at 3 5  Weeks 
4 2 . Head Circumference at 3 6  Weeks 
4 3 . Head Circumference at 3 7  Weeks 
4 4 . Head Circumf erence at 3 8  Weeks 
1 2 5 
1 2 8 
1 3 3 
1 3 4  
1 3 5  
1 3 6  
x 
4 5 . Head Circumf erence at 3 9  Weeks 1 3 7  
4 6 . Head Circumf erence at 4 0  Weeks 1 3 8  
47 . Head Circumference at 4 1  Weeks 1 3 9  
4 8 . Head Circumf erence Un smoothed Percent iles 1 4 1  
4 9 . Head Circumf erence 1 0th and 9 0th Percent i les 
After One Smoothing 1 4 3  
5 0 . Head Circumf erence 1 0th and 9 0th Percenti les 
Af ter Two Smoothings 1 4 4  
5 l . Head Circumference 1 0th and 9 0th Percent i les 
Ends Smoothed 1 4 5  
5 2 . Head Circumf erence Richmond and Colorado 
l O th and 9 0th Percent iles 1 4 8  
Clas s i f ication of Newborns Based on Maturity Rat ing and 
Int rauterine Growth at the Medical Col l ege of virginia 
Hospitals 
ABSTRACT 
A thes is submitted in part ial fulf i l lment of the requirements 
for the degree of Master of Science in the Department of 
Biostatistics at Virginia Commonwealth University . 
Lydia Holmes Sund 
virginia Commonwealth Univers ity 
Director : Dr . C .  Gennings 
Nurses at the Medi cal College of Virginia Hospitals 
(MCVH ) in Richmond , virginia , use the Newborn Maturity Rat ing 
and Classif icat ion Tool to ident ify high risk infant s . An 
estimate of gestat ional age is made and us ing thi s estimate, 
weight , length , and head circumf erence measurements are 
plotted on graphs on the tool to determine if the infant 
achieves intrauterine growth smaller,  larger or equal to 
gestational age . 
The data used to generate the graphs on the Newborn 
Maturity Rat ing and Clas s i f ication Tool were col lected in 
Colorado during the 1 9 5 0 ' s .  Two nurses at MCVH questioned 
the use of these graphs . They wanted to know if graphs 
produced f rom their populat ion would be dif f erent f rom the 
graphs they now use because of popu lation and t ime 
dif f erences . 
An init ial pilot study was done to examine any problems 
with measurement reliability . There were no problems with 
interrater rel iability for the length and head circumference 
measurements .  Examination of the chest circumf erence 
measurement s revealed that one rater had cons istent ly larger 
measurement s than the other . 
Data f rom 9 8  infants were collected and graphs of 
weight , length , and head circumference produced . There were 
dif f erences between the Richmond and Colorado graphs . The 
1 0th percentile for weight for Richmond infants i s  higher 
than the 1 0 th percent ile for the Colorado infant s f or 35-42 
weeks of gestation . At 4 0  and 4 1  weeks of gestat ion the 9 0th 
percent ile for the Ri chmond infants is larger than the 9 0 th 
percentile for the Colorado infant s .  These di f ferences 
result in f ewer Richmond infants being ident if ied as smal l  
for gestational age and more Richmond infant s being 
classif ied as large f or gestational age than when the 
Colorado graphs are used . 
Int roduct ion 
Chapter 1 
Overview 
Nurses at the Medical Col lege of virginia Hospitals in 
Richmond , virginia , use the Newborn Maturity Rat ing and 
Clas s i f ication tool shown in f igures 1 and 2 to identify high 
risk infant s . Use of the tool includes plott ing an infant ' s  
weight , length , and head circumf erence on the graphs in 
f igure 4 9 . Thi s allows determination of appropriat e ,  large , 
or smal l  size f or gestational age . Measurement s f rom 5, 6 3 5  
infants born between 1 9 4 8  and 1 9 6 1  in Colorado were used to 
generate these graphs . 
The nurses questioned the accuracy of the graphs because 
of population diff erences and pos s ible dif f erences in 
measurements between infants in Colorado and Richmond . They 
wanted to coll ect measurement s  f rom their popu lation , produce 
weight , length , and head circumf erence graphs. and compare 
the graphs of the Colorado and Richmond infant s .  A pilot 
study was completed and a f inal study init iated . 
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After collect ing data f rom 9 8  infant s of the 5 , 000 
planned in the f inal study ,  the nurses asked if preliminary 
graphs could be produced to see if there was a di f f erence 
between the graphs on the Newborn Maturity Rat ing and 
Classif icat ion tool ( f igures 1 and 2 )  and the graphs produced 
f rom their data . They f ound the data collect ion tedious and 
did not want to continue if there did not seem to be a 
dif f erence between the graphs . 
The obj ect ive of this thesis i s  to examine the data 
collected by these nurses . Reasons for the analysis are 
identif ied .  The pilot study is explained and the data f rom 
the pi lot study analyz ed . Recommendations for the f inal 
study are made . Graphs are developed f rom measurement s of 
the f irst 9 8  infant s in the f inal study and compared with the 
graphs now in use . 
Outl ine 
The analysi s  begins in chapter 2 with an explanation of 
the development of the length, head circumference, and weight 
graphs used on the Newborn Maturity Rating and Class i f icat ion 
( f igures 1 and 2 ) . Thi s includes a des cript ion of the 
pat ient population and methods used to col lect the data . 
These original studies are examined so that the same methods 
may be used to produce graphs f rom the data col lected in the 
f inal study . Reasons why the nurses believed their graphs 
would be dif f erent are explained and the nurses plans 
reviewed . 
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In chapter 3 ,  the pilot study is examined . Twenty infant s 
were init ially studied to ident ify problems of interrater 
error . The nurses wanted to be sure that interrater error 
was not a problem in their measurements of length , head 
circumference , chest circumf erence , mid arm circumf erence ,  
and gestat ional age asses sments . 
Chapter 4 presents the weight , l ength , and head 
circumference graphs based on measurement s of the 9 8  infant s 
in the current study . Nonparametric methods are used to 
produce the graphs and a compari son of the graphs is 
presented . The graphs are also compared to the original 
graphs of weight , length , and head circumference graphs . 
Chapter 5 present s the conclusions and recommendations 
f rom this analys is . Suggest ions for future studies are made . 
Systat (Wilkinson , 1 9 8 9 ) is used f or stat istical analys is and 
graphing throughout the thes i s . 
Chapter 2 
Int roduct ion 
In thi s  chapter , the development and use of the Newborn 
Maturity Rat ing and Classif ication tool ( f igures 1 and 2 )  to 
identify high risk infants is explained . The methods used to 
col lect the measurements for the length , head circumf erence , 
and weight graphs and the methods used to produce the graphs 
are examined . The reasons f or the study are reviewed . 
The purpose of the chapter i s  to understand the use and 
development of the original graphs . Thi s  information i s  
important so that the graphs produced f rom the Colorado 
measurement s may be compared with the graphs produced f rom 
the Richmond measurements . For comparison purposes , the 
methods used to produce the graphs must be as s imi lar as 
pos s ible .  
Background 
Studies have shown that gestat ional age at birth and body 
size af fect infant mortal ity and morbidity rates ( KOOps et 
al , 1 9 8 2 ) . S ince f ew mothers know the actual date of 
6 
concept ion , the precise gestat ional age of an infant is 
usual ly not known . Gestational age may be calculated f rom 
the f irst day of the mother's last menstrual period or f rom 
ult rasound examinat ions during pregnancy . These methods are 
not always reliable . Some mothers are unsure of their last 
menstrual period and ultrasound measurement s may be 
inaccurate (Mott et al, 1 9 9 0 ) . 
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In 197 0 Dubowitz , Dubowitz, and Goldberg ( Dubowit z  et al , 
197 0 )  developed a tool to assess gestat ional age after birth . 
The tool uses 1 0  neurologic criteria and 1 1  phys ical criteria 
and must be perf ormed within the f irst 24 hours after birth. 
It i s  cons idered accurate within 1 to 2 weeks of the actual 
gestational age (Mott et al, 1 9 9 0 ) . 
Subsequent studies indicated problems with the Dubowit z  
examination for infant s less than 3 4  weeks i n  gestat ional age 
( Shukl et al, 1 9 87 ) . Addit ionally, some of the neurological 
items could not be tested in i l l  infant s . I n  1977 , Bal lard, 
Kamaier, and Driver developed a shortened vers ion of the 
Dubowitz asses sment . The new as sessment included 6 
neurologic and 6 phys ical c riteria ( Ba l lard, 197 7 ) . These 
criteria are shown in f igure 1 .  For each of these 1 2  traits, 
the infant i s  given a score of 0 to 5. A maturity rat ing 
table ( f igure 1 )  relat es total score to weeks gestat ion . The 
Bal lard version has shown to be a rel iable estimate of an 
infant ' s  gestat ional age ( Bal lard et al, 197 9 ) .  
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Gestat ional age is divided into three cat egories . Ful l ­
term includes infants with gestational ages between 3 8  and 4 2  
weeks . Pre - term includes infants with gestat ional ages less 
than 38 weeks . Post - term includes infants with gestational 
ages greater than 4 2  weeks . 
Infants are clas s if ied into 5 groups by body size . Very 
low birth weight ( VLBW ) are infants weighing less than 1 5 0 0  
grams . Low birth weight infants ( LBW) weigh less than 2 5 0 0  
grams . The maj ority o f  infant s are clas sif ied as average for 
gestational age ( AGA) because their birth weights f al l  
between the 1 0th and 9 0th percent ile f or their gestat ional 
age . The weight for the small f or gestat ional age infant 
( SGA) is below the 1 0 th percent ile f or infant s of that 
gestational age and the weight for the large for gestational 
age infant ( LGA )  is above the 9 0th percentile for that 
gestational age .  
Newborn Maturity Rating and Classif icat ion 
Healthy newborn infant s are admitted to one of two well 
baby nurseries at the Medical col l ege of virginia Hospitals . 
Registered nurses perform an init ial examinat ion which 
includes the Newborn Maturity Rat ing and Clas sification Tool 
( f igures 1 and 2 ) . The infant is given a score for each of 
the 1 2  Ballard criteria and us ing the Maturity Rating table 
an estimate of gestat ional age is made . 
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The length , head circumf erence , and weight are recorded 
on the back of the Newborn Maturity Rating and Classif icat ion 
sheet ( f igure 2 ) . Us ing the gestat ional age estimat e ,  these 
measurements are plotted on the appropriate graphs . The 
infant is placed into one of the three groups ( i . e .  SGA , AGA , 
LGA) when any two of the measurements fall in the same area 
on the graphs . The c lassif ications of VLBW and LBW are not 
used . 
This two - out - of - three method of ass igning clas s i f icat ion 
is dif ferent f rom other methods described in the literature 
( Avery, 1 9 8 7 ;  Mott et ai , 1 9 9 0 ) . The c lassif ication of SGA , 
AGA , or LGA ref ers to weight and the infant is classif ied 
based on the weight graph . The length and head circumf erence 
are also evaluated to determine if they are appropriate f or 
gestational age . The nursery nurses origina l ly looked only 
at weight when classif iying the infant , but on a 
recommendation by a pediatrician in the nursery they adopted 
a two- out-of - three method . They have u sed this method since 
then . Us ing this two - out - of - three method deserves further 
examinat ion . 
Development of Graphs 
The c lassif ication graphs used in the Newborn Maturity 
Rating and Classif ication Tool were developed by phys icians 
at the University of Colorado Medical Center . Data were 
1 0  
col lected at Colorado General Hospital from July , 19 4 8 , to 
January , 1 9 6 1  and included 5 , 6 3 5  infant s .  The sample 
included only Caucasian infant s . Thirty per cent of the 
sample were infants of Spanish American heritage . The 
pat ient s were identif ied as medical ly indigent or "part pay . "  
These terms were not def ined . Gestat ional age was calculated 
f rom the mother ' s  last normal menstrual period ( Lubchenco , 
19 6 6 )  . 
In 1 9 6 3 , the weight charts were publ ished . The infants 
were grouped by age of gestat ion in weeks , birth weights 
tabulated at 1 0 0  gram intervals ,  and ogives constructed f or 
each week . The f igures were graphed at the midpoint of each 
week for the 1 0th , 2 5th,  5 0t h ,  7 5th , and 9 0th percentiles and 
then " smoothed arithmet ical ly" ( Lubchenco , 1 9 6 3 ) . The mean 
weights f or male and female infants were approximately 1 0 0  
grams dif f erent for the 3 8 - 4 1  week infants . Additionally ,  
the median weights o f  the Colorado infants were lower than 
the national median and lower than the medians f rom three 
other studies . I t  was suggested that high alt itude may play 
a role in infant weight ( Lubchenco ,  1 9 6 3 ) . 
In 1 9 6 6  the percentile graphs f or the head and length 
measurement s were published . Head circumf erences were 
avai lable for 4 7 2 0  infants and lengths were avai lable f or 
4 7 1 6  infants .  The graphs were generated using the same 
method as the weight graph. The percent ile curves were 
" twice smoothed by arithmet ic three - point means " ( Lubchenco, 
19 6 6 )  . 
The phrase " smoothed arithmet ically" was not def ined in 
the 1 9 6 3  study and there was no further explanation in the 
1 9 6 7  study except " twice smoothed by arithmet ic three - point 
means . "  I nterpretation of these phrases wi ll be cons idered 
in chapter 4 .  
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In 1 9 6 7 ,  us ing the weight and gestational age graphs , 
Battaglia and Lubchenco suggested a nine group clas s i f icat ion 
system for identifying high risk infants ( Battaglia , 1 9 6 7 ) . 
The infant s are divided into three groups by gestational age -
preterm , term , and post term. Each of these groups i s  further 
divided into three groups by birth weight : SGA , AGA , and 
LGA . The system now in use is based on this classificat ion 
system .  
Study Obj ect ives 
The nurses in the well baby nursery at the Medical 
Col l ege of Virginia questioned the appropriateness of these 
graphs . They wondered if improved prenatal care over the 
last thirty years had ef f ected the size of infants . It 
seemed to them that most of the infant s they measured were 
above the 5 0  percent mark . They also noted populat ion 
dif ferences . The maj ority of the their pat ients are black , 
12 
but the original study included no black patients . Were 
there dif f erences in weight s ,  lengths , and head 
circumferences because of race? Studies by other researchers 
showed dif f erences in infant weight s f or diff erent 
populat ions ( Babson et al , 197 0 ;  Freeman et al. 197 0;  Brenner 
et al , 1 97 6 ) . 
The nurses wanted to col lect and study infant 
measurements f rom their population of pat ient s and construct 
head circumference , length , and weight graphs . They were 
interested in f inding out if their pat ient s ' measurements 
would generate dif f erent graphs f rom the ones they use now . 
Chapter 3 
pilot Study 
The nurses were concerned about the rel iabil ity of the 
length , head circumference ,  chest circumf erence ,  mid arm 
circumference ,  and Ballard score . Problems with unrel iable 
measurement s have been shown to have untoward consequences 
( Fl eiss , 1 9 8 6 ) .  A pi lot study was done to examine the 
rel iability of their measurement s .  
The purpose of this chapter i s  to examine the data f rom 
the pilot study . The variables col lected are ident if ied and 
the method of data collection explained . Descriptive 
stat istics involving both the mother and infant are examined . 
Test s  for rater ef fects for length , head circumference , chest 
circumf erence ,  mid arm circumf erence , and gestat ional age 
measurement s are analyzed . An estimate of the rel iability 
for each of these measurements in the f inal study is made . 
Methodology 
TWenty infants were measured and examined by the two 
nurses conducting the study . Selection of infant s for 
13 
inclusion in the study was not random . The inf ants were 
sel ected because they were in the nursery when the nurses 
were on duty and avai lable to perform the measurements .  The 
variables collected in the pilot study are li sted in f igure 
3 ;  table 1 contains all the data collected in the study . 
Length , head circumferenc e ,  chest circumf erence , and mid 
arm circumf erence were measured and recorded by both nurses . 
Infant length was also measured by the labor and del ivery 
nursing staff and recorded . 
14 
All infants are weighed by the labor and del ivery nurs ing 
staff and again in the nursery by the nursery staf f . 
Discrepanc ies of more than two ounces are corrected by taking 
a third measurement in the nursery . Because of these 
repl ications in measurement , the weight measurement is 
considered accurate and only the f inal weight measurement was 
recorded . 
Using the Bal lard criteria , gestat ional age estimates 
were calculated . There were three estimates f or each infant , 
one score for each of the two nurses in the study and the 
Bal lard s core obtained by the nurse admitt ing the infant to 
the nursery . 
NUMBER pat ient study number 
SEX$ 
M male F f emale 
RACE$ 
B black W white 
WEIGHT infant weight in grams 
LBNGTH infant length in cent imeters 
RATBR$ indicates rater who obtained the measurements 
N nurse 1 
B nurse 2 
o length measured in Labor and Del ivery or 
Bal lard Score by admitt ing nurse 
HBAD head circumf erence in centimeters 
CHBST chest circumf erence in centimeters 
MIDARM mid arm c ircumf erence in centimeters 
BALLARD Ballard Score 
AGE age of mother 
EDC expected date of conf inement 
MBTHOD$ method used to determine EDC 
U or 1 u ltrasound 
D or 2 last menstrual period 
DEL$ type of delivery 
C Cesarean section 
F low S impson f orceps 
S spontaneous vaginal del ivery 
G number of pregnancies 
p number of deliveries greater than 2 0  weeks 
AB number of pregnancy losses less than 2 0  weeks 
Figure 3 .  Variables 
1 5  
COMP$ maternal compl ications during pregnancy 
pi lot Study 
Chronic hypertension 
Cigarette smoker 
Alcohol use 
Marij uana use 
1 
2 
3 
4 
5 
6 
Pregnancy induced hypertension 
Preterm labor 
Final Study COMP$ is letter 
under lettered category 
A .  none 
B .  preterm labor 
and 
CHTN 
CIG 
ETOH 
MAR 
PIH 
PTL 
COMP is number 
1 .  treated with magnesium sulfate 
2 .  not treated with magnes ium sulfate 
C .  pregnancy induced hypertension 
D .  chronic hypertension 
E .  diabetes 
1 .  Ai 2 .  A2 
3 .  B 4 .  C 
5 .  D 6 .  R 
F .  smoker 
1 .  1 - 1 0 cigarettes per day 
2 .  1 0 - 2 0  cigarettes per day 
3 .  greater than 2 0  cigarettes per day 
G .  alcohol use 
1 .  occas ional 
2 .  daily 1 - 6  
3 .  greater than 6 
H .  marij uana use 
I .  cocaine use 
J .  heroin use 
K .  premature rupture of membranes 
L .  anemia 
M .  bleeding 
N .  multiple gestat ion 
GAIN maternal weight gain during pregnancy 
SOCIOI $ occupat ion of mother 
SOCI02 education of mother 
Figure 3-Con tinued 
1 6  
PNC 
Pilot 
1 
2 
Final 
A .  
B .  
c. 
D .  
E. 
CLASS $ 
L 
A 
S 
number of prenatal visits 
Study 
less than 10 
10 or more 
Study 
None 
1-10 
10-20 
greater than 20 
hospitalized 
classif ication groups of infant s 
large for gestat ional age ( LGA) 
average f or gestational age ( AGA) 
smal l  for gestat ional age ( SGA) 
Figure 3-Con tinued 
17 
Table 1 
Data From Pilot Study 
NUMBER SEX$ RACE$ WEIGHT LENGTH RATER$ HEAD CHEST MIDARM BALLARD 
1.0 M B 37 80.0 52.5 N 36.0 34.5 12.0 40.0 
1.0 M B 37 80.0 53.0 B 36.0 35.5 13.0 41. 0 
1.0 M B 37 80.0 52.0 0 40.0 
2.0 M W 4020.0 52.0 N 36.5 33.5 12.0 40.0 
2.0 M W 4020.0 49.5 B 36.0 34.0 12.5 40.0 
2.0 M W 4020.0 0 41. 0 
3.0 M B 3940.0 55.5 N 36.0 34.0 11. 0 41.0 
3.0 M B 3940.0 56.5 B 36.0 34.5 1 1. 0 42.0 
3.0 M B 3940.0 56.0 0 42.0 
4.0 F B 357 0.0 50.5 N 35.5 32.5 11. 0 40.0 
4.0 F B 3570.0 50.0 B 35.5 31.0 11. 0 40.0 
4.0 F B 357 0.0 52.0 0 41.0 
5.0 M B 2950.0 49.0 N 34.0 32.5 9.0 39.0 
5.0 M B 2950.0 48.5 B 34.0 31. 0 10.0 41. 0 
5.0 M B 2950.0 48.0 0 40.0 
6.0 M B 2320.0 48.0 N 33.5 29.5 9.0 40.0 
6.0 M B 2320.0 46.0 B 33.5 27 .5 9.0 42.0 
6.0 M B 2320.0 48.0 0 40.0 
7 .0 F B 3040.0 49.5 N 35.0 30.5 10.0 41.0 
7.0 F B 3040.0 49.0 B 35.0 30.0 11. 0 41.0 
7 .0 F B 3040.0 54.0 0 40.0 
8.0 M B 4550.0 53.0 N 36.5 36.0 12.0 40.0 
8.0 M B 4550.0 54.0 B 37.0 35.0 13.0 42.0 
8.0 M B 4550.0 54.5 0 42.0 
9.0 F B 3480.0 50.0 N 34.0 34.0 11. 0 41. 0 
9.0 F B 3480.0 50.0 B 33.5 34.0 11. 0 40.0 
9.0 F B 3480.0 51. 0 0 40.0 
f-' 
00 
Table I-Con tinued 
NUMBER SEX$ RACE $ WEIGHT LENGTH RATER $ HEAD CHEST MIDARM BALLARD 
1 0 . 0  F B 3 3 9 0 . 0  5 1 . 0 N 3 4 . 5  3 3 . 5  1 0 . 5  4 0 . 0  
1 0 . 0  F B 3 3 9 0 . 0  53 . 0  B 3 5 . 0  3 3 . 0  1 0 . 0  4 2 . 0  
1 0 . 0  F B 3 3 9 0 . 0  53 . 0  0 3 9 . 0  
1 1 . 0 F B 3 9 4 0 . 0  5 3 . 0  N 3 6 . 0  3 5 . 5  1 1 . 5 4 0 . 0  
1 1 . 0 F B 3 9 4 0 . 0  53 . 0  B 3 6 . 5  3 5 . 0  1 1 . 0 4 0 . 0  
1 1 . 0 F B 3 9 4 0 . 0  5 5 . 0  0 3 8 . 0  
1 2 . 0  M B 2 2 3 0 . 0  4 6 . 0  N 3 1 . 5 2 8 . 0  8 . 5  3 8 . 0  
1 2 . 0  M B 2 2 3 0 . 0  4 4 . 0  B 3 1 . 0 27 . 5  9 . 0  3 8 . 0  
1 2 . 0  M B 2 2 3 0 . 0  47 . 5  0 3 6 . 0  
1 3 . 0  M B 2 9 8 0 . 0  49 . 0  N 3 4 . 0  3 0 . 0  9 . 5  3 9 . 0  
1 3 . 0  M B 2 9 8 0 . 0  5 0 . 0  B 3 4 . 5  2 9 . 5  9 . 5  3 9 . 0  
13 . 0  M B 2 9 8 0 . 0  4 9 . 0  0 3 8 . 0  
14 . 0  F B 3 04 0 . 0  4 8 . 5  N 3 4 . 0  3 1 . 5 1 0 . 5  4 0 . 0  
14 . 0  F B 3 04 0 . 0  4 9 . 5  B 3 3 . 0  3 0 . 5  1 0 . 0  4 1 .  0 
14 . 0  F B 3 04 0 . 0  5 1 . 0 0 3 9 . 0  
1 5 . 0  F W 2 6 2 0 . 0  47 . 0  N 3 3 . 0  2 9 . 5  9 . 0  3 8 . 0  
1 5 . 0  F W 2 6 2 0 . 0  47 . 0  B 3 3 . 0  2 9 . 5  9 . 0  37 . 0  
1 5 . 0  F W 2 6 2 0 . 0  5 1 . 0 0 3 5 . 0  
16 . 0  M B 3 8 1 0 . 0  5 3 . 0  N 3 4 . 5  3 3 . 0  1 0 . 5  4 0 . 0  
16 . 0  M B 3 8 1 0 . 0  5 2 . 0  B 3 4 . 5  3 2 . 0  1 0 . 5  4 0 . 0  
16 . 0  M B 3 8 1 0 . 0  5 3 . 0  0 4 0 . 0  
17 . 0  M W 2 5 5 0 . 0  47 . 0  N 3 3 . 0  2 9 . 0  8 . 5  4 0 . 0  
17 . 0  M W 2 5 5 0 . 0  4 8 . 0  B 3 3 . 0  2 9 . 0  8 . 5  4 0 . 0  
17 . 0  M W 2 5 5 0 . 0  4 8 . 0  0 4 0 . 0  
1 8 . 0  M W 4 0 1 0 . 0  54 . 0  N 3 5 . 0  3 4 . 5  1 1 . 0 4 0 . 0  
1 8 . 0  M W 4 0 1 0 . 0  5 5 . 5  B 3 5 . 5  3 4 . 0  1 0 . 5  4 0 . 0  
1 8 . 0  M W 4 0 1 0 . 0  54 . 0  0 4 0 . 0  
19 . 0  F B 3 2 0 0 . 0  5 0 . 0  N 3 4 . 0  3 2 . 0  1 0 . 5  4 0 . 0  
19 . 0  F B 3 2 0 0 . 0  4 9 . 5  B 3 4 . 5  3 1 . 5  1 0 . 0  4 1 . 0  
19 . 0  F B 3 2 0 0 . 0  4 8 . 5  0 4 1 .  0 
2 0 . 0  F B 29 4 0 . 0  4 9 . 0  N 3 3 . 0  3 0 . 5  9 . 5  39 . 0  
2 0 . 0  F B 29 4 0 . 0  47 . 5  B 3 3 . 0  3 0 . 0  9 . 5  3 9 . 0  f-' Ul 
2 0 . 0  F B 2 9 4 0 . 0  4 8 . 0  0 4 1 . 0  
Table 1-Con tinued 
NUMBER AGE EDC METHOD$ DEL$ G P AB COMP$ GAIN SOCI01$ SOCI02 PNC CLASS $ 
1 2 2 . 0  4 0 . 0  U S 5 . 0  4 . 0  . 0  4 0 . 0  1 . 0  L 
1 2 2 . 0  4 0 . 0  U S 5 . 0  4 . 0  . 0  4 0 . 0  1 . 0  L 
1 2 2 . 0  4 0 . 0  U S 5 . 0  4 . 0  . 0  4 0 . 0  1 . 0  L 
2 2 3 . 0  4 0 . 0  U C 2 . 0  1 . 0  . 0  CHTN 1 5 . 0  CLERICAL 2 . 0  L 
2 2 3 . 0  4 0 . 0  U C 2 . 0  1 . 0  . 0  CHTN 1 5 . 0  CLERICAL 2 . 0  L 
2 2 3 . 0  4 0 . 0  U C 2 . 0  1 . 0  . 0  CHTN 1 5 . 0  CLERICAL 2 . 0  L 
3 2 0 . 0  4 1 . 0  U C 7 . 0  . 0  . 0  PIH 1 . 0  L 
3 2 0 . 0  4 1 . 0  U C 7 . 0  . 0  . 0  PIH 1 . 0  L 
3 2 0 . 0  4 1 . 0  U C 7 . 0  . 0  . 0  PIH 1 . 0  L 
4 1 8 . 0  3 8 . 0  U S 3 . 0  1 . 0  1 .  0 PTL SEMI SKILLED 1 0 . 0  1 . 0  A 
4 1 8 . 0  3 8 . 0  U S 3 . 0  1 . 0  1 .  0 PTL SEMI SKILLED 1 0 . 0  1 . 0  A 
4 1 8 . 0  3 8 . 0  U S 3 . 0  1 . 0  1 .  0 PTL SEMI SKILLED 1 0 . 0  1 . 0  A 
5 2 3 . 0  3 9 . 0  U S 5 . 0  4 . 0  . 0  PIH /PTL NONE 1 . 0  A 
5 2 3 . 0  3 9 . 0  U S 5 . 0  4 . 0  . 0  PIH /PTL NONE 1 . 0  A 
5 2 3 . 0  3 9 . 0  U S 5 . 0  4 . 0  . 0  PIH /PTL NONE 1 . 0  A 
6 19 . 0  3 8 . 0  U C 3 . 0  1 . 0  2 . 0  PTL NONE 9 . 0  2 . 0  A 
6 19 . 0  3 8 . 0  U C 3 . 0  1 . 0  2 . 0  PTL NONE 9 . 0  2 . 0  A 
6 1 9 . 0  3 8 . 0  U C 3 . 0  1 . 0  2 . 0  PTL NONE 9 . 0  2 . 0  A 
7 2 1 . 0 37 . 0  U S 3 . 0 1 . 0  1 . 0  3 7 . 0  NONE 1 0 . 0  1 . 0  A 
7 2 1 . 0 37 . 0  U S 3 . 0  1 . 0  1 . 0  37 . 0  NONE 1 0 . 0  1 . 0  A 
7 2 1 . 0 37 . 0  U S 3 . 0 1 . 0  1 . 0  37 . 0  NONE 1 0 . 0  1 . 0  A 
8 2 8 . 0  4 1 . 0 U C 2.0 1 . 0  . 0  PTL 5 0 . 0  CLERICAL 2 . 0  L 
8 2 8 . 0  4 1 . 0 U C 2 . 0  1 . 0  . 0  PTL 5 0 . 0  CLERICAL 2 . 0  L 
8 2 8 . 0  4 1 . 0 U C 2 . 0  1 . 0  . 0  PTL 5 0 . 0  CLERICAL 2 . 0  L 
9 1 9 . 0  3 9 . 0  U S 2 . 0  1 . 0  . 0  1 . 0  A 
9 1 9 . 0  3 9 . 0  U S 2 . 0  1 . 0  . 0  1 . 0  A 
9 1 9 . 0  3 9 . 0  U S 2.0 1 . 0  . 0  1 . 0  A 
1 0  1 8 . 0  4 1 . 0  D C 2.0 1 . 0  . 0  CIG 3 5 . 0  CONSTRUCTION 1 2 . 0  1 . 0  A 
1 0  1 8 . 0  4 1 . 0  D C 2 . 0  1 . 0  . 0  CIG 3 5 . 0  CONSTRUCTION 1 2 . 0  1 . 0  A 
1 0  18 . 0  4 1 . 0  D C 2 . 0  1 . 0  . 0  CIG 3 5 . 0  CONSTRUCTION 1 2 . 0  1 . 0  A tv 
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Table I-Con tinued 
NUMBER AGE EDC METHOD$ DE L$ G P AB COMP$ GAIN SOCIOl $ SOCI02 PNC CLASS$ 
1 1  2 1 . 0 4 1 . 0  D S 4 . 0  3 . 0  . 0  CIG/MAR NONE 1 . 0  L 
1 1  2 1 . 0 4 1 . 0  D S 4 . 0  3 . 0  . 0  CIG/MAR NONE 1 . 0  L 
1 1  2 1 . 0 4 1 . 0  D S 4 . 0  3 . 0  . 0  CIG/MAR NONE 1 . 0  L 
12 2 4 . 0  3 4 . 0  D S 3 . 0  2 . 0  . 0  NONE 9 . 0  1 . 0  A 
12 2 4 . 0  3 4 . 0  D S 3 . 0  2 . 0  . 0  NONE 9 . 0  1 . 0  A 
12 2 4 . 0  3 4 . 0  D S 3 . 0  2 . 0  . 0  NONE 9 . 0  1 . 0  A 
13  2 5 . 0  4 0 . 0  D S 3 . 0  2 . 0  . 0  6 . 0  1 2 . 0  2 . 0  A 
1 3  2 5 . 0  4 0 . 0  D S 3 . 0  2 . 0  . 0  6 . 0  1 2 . 0  2 . 0  A 
1 3  2 5 . 0  4 0 . 0  D S 3 . 0  2 . 0  . 0  6 . 0  1 2 . 0  2 . 0  A 
14 16 . 0  3 8 . 0  U S 1 . 0  . 0  . 0  CIG 4 0 . 0  STUDENT 1 0 . 0  2 . 0  A 
14 16 . 0  3 8 . 0  U S 1 . 0  . 0  . 0  CIG 4 0 . 0  STUDENT 1 0 . 0  2 . 0  A 
14 1 6 . 0  3 8 . 0  U S 1 . 0  . 0  . 0  CIG 4 0 . 0  S TUDENT 1 0 . 0  2 . 0  A 
1 5  19 . 0  3 6 . 0  U S 1 . 0  . 0  . 0  PIH 3 6 . 0  BABYSAT 4 . 0  1 . 0  A 
1 5  19 . 0  3 6 . 0  U S 1 . 0  . 0  . 0  PIH 3 6 . 0  BABYSAT 4 . 0  1 . 0  A 
1 5  19 . 0  3 6 . 0  U S 1 . 0  . 0  . 0  PIH 3 6 . 0  BABYSAT 4 . 0  1 . 0  A 
1 6  3 5 . 0  4 0 . 0  U F 3 . 0  2 . 0  . 0  PIH/ CIG/ETOH 6 0 . 0  NURSING ASSI 1 2 . 0  1 . 0  L 
1 6  3 5 . 0  4 0 . 0  U F 3 . 0  2 . 0  . 0  PIH/CIG/ETOH 6 0 . 0  NURSING ASSI 1 2 . 0  1 . 0  L 
16 3 5 . 0  4 0 . 0  U F 3 . 0  2 . 0  . 0  PIH/CIG/ETOH 6 0 . 0  NURSING ASSI 1 2 . 0  1 . 0  L 
17 2 2 . 0  3 9 . 0  U S 2 . 0  1 . 0  . 0  4 0 . 0  WAITRESS 8 . 0  2 . 0  A 
17 2 2 . 0  3 9 . 0  U S 2 . 0  1 . 0  . 0  4 0 . 0  WAITRESS 8 . 0  2 . 0  A 
17 2 2 . 0  3 9 . 0  U S 2 . 0  1 . 0  . 0  4 0 . 0  WAITRESS 8 . 0  2 . 0  A 
1 8  17 . 0  4 1 . 0 D S 1 . 0  . 0  . 0  3 0 . 0  STUDENT 9 . 0  2 . 0  L 
1 8  17 . 0  4 1 . 0  D S 1 . 0  . 0  . 0  3 0 . 0  STUDENT 9 . 0  2 . 0  L 
1 8  17 . 0  4 1 . 0 D S 1 . 0  . 0  . 0  3 0 . 0  STUDENT 9 . 0  2 . 0  L 
19 1 8 . 0  3 9 . 0  D S 1 . 0  . 0  . 0  4 3 . 0  1 0 . 0  1 .  0 A 
1 9  18 . 0  3 9 . 0  D S 1 . 0  . 0  . 0  4 3 . 0  1 0 . 0  1 .  0 A 
1 9  18 . 0  3 9 . 0  D S 1 . 0  . 0  . 0  4 3 . 0  1 0 . 0  1 .  0 A 
2 0  2 2 . 0  3 8 . 0  U S 3 . 0  1 . 0  1 . 0  2 9 . 0  BARRE LMAKER 12 . 0  1 . 0  A 
2 0  2 2 . 0  3 8 . 0  U S 3 . 0  1 . 0  1 . 0  2 9 . 0  BARRELMAKER 1 2 . 0  1 . 0  A 
2 0  2 2 . 0  3 8 . 0  U S 3 . 0  1 . 0  1 . 0  2 9 . 0  BARRELMAKER 1 2 . 0  1 . 0  A tv 
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The gestat ional age of the infants was also calculated 
prior to del ivery using either the mother ' s  last menstrual 
period or ultrasound measurements . The variable EDC 
indicates this estimate .  The variable METHOD indicates 
whether the estimate was by last menstrual period or 
ultrasound . 
Information about a pat ient ' s  socioeconomic status was 
col lected . The nurses planned to use the Hollingshead ' s  Two 
Factor Index of Social Position to obtain an Index of Social 
position score ( IS P )  f or each patient ( f igure 4 )  . This 
index uses education and occupation to obtain a score 
indicating social position (Miller,  1983). Figure 4 shows 
the seven occupational and educat ional levels , the f ormula 
used to obtain the Index of Social Position score , and the 
table used to identify the pat ient ' s  social c lass after the 
ISP is calculated . 
Maternal Descriptive Statist ics 
2 2  
Characterist ics of the mothers and infants were examined . 
S ince the infants were not chosen for inclusion randomly , it 
is uncertain if the characterist i cs of this sample represent 
the characteristics of the population of infants born at the 
Medical Coll ege of Virginia . These stat istics were examined 
to determine unforeseen problems with variables or data 
Occupational Scale 
Rating 
1 
2 
3 
4 
5 
6 
7 
Occupat ion 
Major executives of large concerns , major 
prof essionals , and proprietors . 
Lesser professionals and proprietors , and business 
managers . 
Administrative personnel ,  owners of small business , 
and minor professionals . 
Clerical and sales workers , and technicians . 
Skilled trades . 
Machine operators and semiskilled workers . 
Unskil led employees . 
Bducational Scale 
Rat ing Education 
1 Prof essionals (Master's degree , doctorate ,  or 
prof essional degree 
2 college graduates. 
3 1 - 3  years college or business school . 
4 High school graduates . 
5 1 0 - 11 years of schooling 
6 7 -9 years of school ing 
7 Under 7 years of schooling 
2 3  
Figure 4 .  Hollingshead's Two - Factor Index of Social Posit ion 
Calculation of Index of Social Position 
I S P  ( 7  X Occupation Rating) + ( 4  X Educat ion Rat ing ) 
Relationship of ISP to Social Class 
Social Class 
I 
I I  
I I I  
IV 
V 
Figure 4-Con tinued 
I S P  
1 1-17 
1 8 - 27 
28 - 4 3  
4 4 - 6 0 
6 1-7 7 
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col lection in the f inal study and also to suggest any 
characteristics which might require further invest igat ion . 
The mothers ' ages ranged f rom 16 to 3 5  with the mean age 
being 2 1 . 5 .  There were 16 black mothers and 4 white mothers .  
Four of the women were having their f irst baby . Thirteen of 
the mothers had less than 1 0  prenatal vi sit s . Weight gain 
was col lected on 13 of the mothers and ranged f rom 6 pounds 
to 6 0  pounds with a mean weight gain of 3 5 . 5  pounds . 
Seven complications were identif ied for 1 1  of the 
mothers . The complications and f requency for each are shown 
below in table 2 .  
Table 2 Antepartum Complications 
Chronic hypertension 
Pregnancy induced hypertension 
Preterm labor 
Cigarette smoking 
Marihuana use 
Alcohol use 
1 
4 
4 
4 
1 
1 
Three of the mothers had more than one complication and four 
of the mothers had complications involving substance abuse . 
Occupational inf ormation was col lected for 1 5  of the 
mothers . Five of these 1 5  had no occupation . The 1 5  
2 5  
occupations ident if ied range f rom the 4th t o  the 7 th level of 
the Holl ingshead occupational scal e . These are the four 
lowest levels of the occupational scale . 
2 6  
Educational level was collected for 1 3  of the mothers . 
The educational level ranged f rom 4 th to 1 2 th grade with 9 . 8  
being the mean grade completed . Both occupat ional and 
educat ional information were collected for 1 1  of the mothers .  
Thi s  means that a Holl ingshead score can be obtained for only 
11 of the patients .  
I nfant Descript ive Statistics 
Fifteen of the infants were delivered vaginally with one 
forcep del ivery . The remaining f ive infants were delivered 
by Cesarean section . The infant s ' weights ranged f rom 2 2 3 0  
grams t o  4 55 0  grams with a mean weight of 3 3 1 8  grams . There 
were 9 f emales and 1 1  males in the group . 
The gestat ional weeks and the method used for calculat ing 
are shown in table 3 below . 
Table 3 Gestat ional Age and Method 
Weeks 3 4  3 5  3 6  3 7  3 8  3 9  4 0  4 1  
rnp 1 0 0 0 0 1 1 3 
Ult rasound 0 0 1 1 4 3 3 2 
Totals 1 0 1 1 4 4 4 5 
S ix of the gestational ages were calculated f rom the last 
menstrual period (rnp )  and 14 by ultrasound . Four of the six 
gestational ages calculated by last menstrual period fell at 
the extremes of the gestational weeks . The maj ority of the 
infants were 3 8 - 4 1 weeks . With only three infants below 3 8  
weeks there may b e  too few infants i n  these categories to 
generate accurate graphs . 
Although there were dif f erences in the lengths , head 
circumf erences , and Bal lard scores obtained by the two 
nurses , their f inal classif ication of SGA , AGA , or LGA were 
in agreement for all infant s .  Thirteen of the infants were 
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clas sified as AGA and seven of the infants were clas sif ied as 
LGA . I f  the weight graphs are the same for the Richmond and 
Colorado population and thi s is a representat ive sample ,  one 
would expect at most two LGA and two SGA infants out of the 
twenty . There are f ive more LGA infants than expected and no 
SGA infants .  This indicates the infant s in this sample are 
heavier f or their gestational age than the infant s in the 
Colorado study . 
Table 4 shows the gestational age in weeks by the 
classif icat ion of the infants .  
Table 4 Classif icat ion of Infants by Gestat ional Age 
AGA LGA TOTAL 
34 WEEKS 1 0 1 
3 5  WEEKS 0 0 0 
3 6  WEEKS 1 0 1 
37 WEEKS 1 0 1 
3 8  WEEKS 4 0 4 
3 9  WEEKS 4 0 4 
4 0  WEEKS 1 3 4 
4 1  WEEKS 1 4 5 
TOTAL 13 7 2 0  
2 8  
The table shows that a l l  seven LGA infants were a l l  4 0  o r  4 1  
weeks gestat ion . Only 2 of the 1 3  AGA infant s were more than 
3 9  weeks . Thi s  suggests that the we ight cu rve of the 
Richmond infants may be higher at 4 0  and 4 1  weeks . 
Table 5 shows the relat ionship between the classification 
and sex of the infant s . 
Table 5 I nfant Classification by Sex 
FEMALE 
MALE 
TOTAL 
AGA 
8 
5 
1 3  
LGA 
1 
6 
7 
TOTAL 
9 
1 1  
2 0  
The males are f airly evenly distributed between AGA and LGA , 
but there are 8 females in the AGA group and only 1 f emale in 
the LGA group . For this samp l e ,  the infant s who are LGA are 
almost all males . Previous studies have shown the mean 
weight of male infants i s  higher than the mean weight of 
female infants ( Sterky , 197 0 ) . This may mean that more males 
are LGA. Thi s  needs further examination in the f inal study .  
A Statistical Model for Interexaminer Rel iab i l ity 
The nurses were interested in determining the reliabil ity 
of the length , head circumf erence , chest circumference , mid 
arm circumference ,  and Bal lard Score measurements . Both 
nurses performed these measurement s on 2 0  infant s . For 
length , head circumf erence , chest circumf erence and mid arm 
circumference , a test i s  performed to determine if the rater 
ef f ects diff er f rom one another . Additionally, the 
Intraclass Correlation Coef ficient ( ICC) is calculated to 
est imate the reliabil ity of these measurement s in the f inal 
study . 
Length ,  head circumf erence , chest circumf erence , and arm 
circumf erence are quantitat ive measurements .  The Bal lard 
score is a categorical ass ignment and dif ferent tests f or 
interexaminer reliabil ity must be used . 
Rater Effects 
For this model , rater eff ects and random effect s combine 
to form a typical observat ion , Xij ,  where Xij is the 
measurement on Patient i produced by Rater j .  
where , 
i = 1 ,  , N and j = 1 ,  . . . , k 
T] , . . . ,TN , the pat ient s ' error - f ree scores vary normally 
with mean � and variance d}.  
j 
L p '=<> P l ,  . . .  , Pk t the raters ' effects where I }- . 
eij , the random errors vary normally about a mean of 0 
with a variance of � .  
T1 , . . .  ,TN and eij ' s  are independent . ( Flei ss , 1 9 8 6 )  
2 9  
3 0  
Table 6 contains an analys is of variance table for the 
results of an interexaminer rel iabil ity study . 
The nul l  hypothes i s  i s  P l =· , , = Pk , the rater ef fects do not 
dif fer s ignif icantly f rom each other . The alternat ive 
hypothes i s  is that at least one of the Pk ' S  i s  diff erent f rom 
the others . The test stat istic is 
where 
F� , k- l , (N- l )(k- l ) 
RMS i s  the mean square f or rater 
EMS is the mean square f or error 
The nul l  hypothesis is rej ected if F ) Fk- i , (N- i) (k-i ) , . 05 ( Fleiss , 
1 9 8 6 )  . 
The Intraclass Correlation Coef f icient 
The intraclass correlation coef fic ient of reliabil ity 
has been shown to express the relat ive magnitude of the 
component s of the variance of Xij . 
2 
R=� 
a?+(j� 
This quantity i s  
The maximum value is unity and the minimum zero . 
Rel iab i lity increases as (j�/a? decreases . As error becomes 
less of what is observed , R approaches 1 .  As error 
Source of 
Variation 
Patients 
Raters 
Error 
Total 
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Table 6 
Ana lys is of Variance for Interexaminer 
df 
N- l 
k - J  
(N- l )(k - J ) 
Me - I  
Rel iab i l i ty Study 
SS 
k L (X; .  - xy 
NL (X.; - Xy 
By suhtraction 
L L (X, - X )� '/ . .  
MS 
PMS 
RMS 
EMS 
E (MS} 
Rater!> 
Fixed 
u; + kui 
• N L ' u; + k _ J Pi
u2 • 
Ratcr\ 
Random 
u; + k" 1 
u� + NIT; 
"z 
, 
( Flei s s , 1 9 8 6 )  
increases , o;/� increases and rel iabil ity decreases and R 
approaches z ero ( Fleiss , 1 9 8 6 ) . 
In the f inal study ,  each infant wi ll be measured by one 
of the two examiners in the pilot study . The selection of 
the examiner wil l  be random . The variance of the 
measurements obtained in the f inal study wil l  be 
k 
�x=cr}+t 1'. PJ+O; 1 
The intraclass correlation coef f icient becomes 
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Us ing the information in table 6 ,  substituting the estimators 
f rom the table,  and performing a f ew algebraic manipulations , 
an estimator of the intraclass correlat ion coeff icient when 
the raters are f ixed eff ects becomes 
where , 
� N(PMS-EMS) R N(PMS)+(k- l )RMS+(N- l )(k- l )EMS 
PMS is the mean squares for patients 
RMS is the mean squares for raters 
EMS is the mean squares for error . ( Fleiss , 1 9 8 6 )  
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This estimated reliabi l ity coef f ic ient relates to 
measurements in the future study when dif f erences between 
examiners wi ll not be control led except by randomization of 
the assignment of examiner . 
Reliability of Qualitat ive Variables 
Cohen ' s  kappa statistic has been shown to be the 
appropriate measure of reliability when the data are 
qualitative ( Fleiss , 1 9 8 6 ) . The proport ions are tabulated as 
shown in table 7 .  
Tab l e  7 Joint proport ions of Rat ings 
Rater A 
l 
2 
k 
Total 
l 
Pll 
P2l 
Pkl 
P . l  
Rater B 
2 
P12 
P22 
Pk2 
P . 2  
k 
Plk 
P2k 
Pkk 
P . k  
Total 
Pl . 
P2 . 
Pk .  
l 
The weighted kappa uses weights to quantify the seriousness 
of disagreements .  The weights used are 
where , 
i l ,  . . . , k 
i = l ,  . . . , k  
(i-Ji wi= l - --
J (k-l)2 
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Fleiss and Cohen have shown that , except for a term involving 
the factor l in ,  weighted kappa is ident ical to the intraclass 
correlation coe f f icient when these weights are used . 
The observed weighted proport ion of agreement i s  
k k 
po(w)= r. r. wij/Jij i=l j=l 
and the chance- expected weighted proportion of agreement is 
k k 
Pe(w)= r. r. Wij/JiP.j 
i=l j=l 
weighted kappa is then calculated by 
When weighted kappa i s  >= . 7 5  the agreement is excel l ent 
among raters . A weighted kappa of <= . 4 0  indicated poor 
agreement ( Flei s s , 1 9 8 6 ) . 
Examination of I nterrater Error 
Table 8 contains the results of the length measurements 
for each of the 2 0  infants made by the two nurse examiners 
3 5  
Table 8 
Pilot Study 
L ength Measurements 
Infant Examiner 1 Examiner 2 Labor and Del ivery 
1 5 2 . 5  5 3 . 0  5 2 . 0  
2 5 2 . 0  4 9 . 5  
3 5 5 . 5  5 6 . 5  5 6 . 0  
4 5 0 . 5  5 0 . 0  5 2 . 0  
5 4 9 . 0  4 8 . 5  4 8 . 0  
6 4 8 . 0  4 6 . 0  4 8 . 0  
7 4 9 . 5  4 9 . 0  5 4 . 0  
8 5 3 . 0  5 4 . 0  5 4 . 5  
9 5 0 . 0  5 0 . 0  5 1 . 0  
10 5 1 . 0  5 3 . 0  5 3 . 0  
1 1  5 3 . 0  5 3 . 0  5 5 . 0  
1 2  4 6 . 0  4 4 . 0  47 . 5  
1 3  4 9 . 0  5 0 . 0  4 9 . 0  
14 4 8 . 5  4 9 . 5  5 1 . 0 
1 5  47 . 0  47 . 0  5 1 . 0 
1 6  5 3 . 0  5 2 . 0  5 3 . 0  
17 47 . 0  4 8 . 0  4 8 . 0  
18 54 . 0  5 5 . 5  5 4 . 0  
19 5 0 . 0  4 9 . 5  4 8 . 5  
2 0  4 9 . 0  4 7 . 5  4 8 . 0  
and the l engths obtained by the labor and del ivery nursing 
staf f .  One labor and delivery measurement is missing . The 
measurements range f rom 4 4  cent imeters to 5 6 . 5  cent imeters . 
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The dif ferences i n  measurement s between the two raters i s  
shown in table 9 .  The dif f erences range f rom 0 to 2 . 5  
centimeters . The dif f erences between each examiner and the 
labor and delivery measurement are shown in table 1 0 . There 
are two dif f erences ranging f rom 2 . 5  to 5 centimeters . 
Head circumference measurement s f rom the two examiners are 
shown in table 1 1 . The measurement s range f rom 3 1  
cent imeters to 3 7  cent imeters . The greatest dif f erence in 
measurement between the two examiners is 1 centimeter . The 
examiners '  measurement s agree in 1 0  of the cases . 
Chest circumf erence measurements are l isted in table 1 2 . 
These measurement s range f rom 27 . 5  centimeters to 3 6  
centimeters .  The largest dif ference in measurement i s  2 
cent imeters . The examiners ' measurements agree in 3 of the 
2 0  cases . 
The mid arm measurements are shown in table 1 3 . The 
largest observed dif f erence is 1 centimeter with agreement 
between the raters in 9 of the cases . The measurements range 
f rom 8 . 5  to 1 3  cent imeters . 
Table 9 
Pilot Study 
D i f f eren c e s  in Length Measurement s B etween 
Exami ners 
Infant Examiner 1 Examiner 2 Di f ference 
1 5 2 . 5  5 3 . 0  - . 5  
2 5 2 . 0  4 9 . 5  2 . 5  
3 5 5 . 5  5 6 . 5  - 1 . 0  
4 5 0 . 5  5 0 . 0  . 5  
5 4 9 . 0  4 8 . 5  . 5  
6 4 8 . 0  4 6 . 0  2 . 0 
7 4 9 . 5  4 9 . 0  . 5  
8 5 3 . 0  54 . 0  - 1 .  0 
9 5 0 . 0  5 0 . 0  . 0  
1 0  5 1 . 0 5 3 . 0  - 2 . 0  
1 1  5 3 . 0  5 3 . 0  . 0  
1 2  4 6 . 0  4 4 . 0  2 . 0  
1 3  4 9 . 0  5 0 . 0  - 1 . 0  
14 4 8 . 5  4 9 . 5  - 1 .  0 
1 5  47 . 0  47 . 0  . 0  
1 6  5 3 . 0  5 2 . 0 1 . 0  
17 47 . 0  4 8 . 0  - 1 . 0  
1 8  54 . 0  5 5 . 5  - 1 .  5 
19 5 0 . 0  4 9 . 5  . 5  
2 0  4 9 . 0  47 . 5  2 . 5 
37 
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Tabl e  1 0  
pilot Study 
Dif f eren c e s  in Length Measurements B etween 
Examine r s  and Labor and D e l ivery Staf f 
Labor and Difference Difference 
Del ivery Examiner 1 Examiner 2 
Infant Examiner 1 Examiner 2 ( L + D )  and L+D and L+D 
1 5 2 . 5  5 3 . 0  5 2 . 0  . 5  1 . 0  
2 5 2 . 0  4 9 . 5  
3 5 5 . 5  5 6 . 5  5 6 . 0  - . 5  . 5  
4 5 0 . 5  5 0 . 0  5 2 . 0  - 1 . 5  - 2 . 0  
5 4 9 . 0  4 8 . 5  4 8 . 0  1 . 0  . 5  
6 4 8 . 0  4 6 . 0  4 8 . 0  0 . 0  - 2 . 0  
7 4 9 . 5  4 9 . 0  5 4 . 0  - 4 . 5  - 5 . 0  
8 5 3 . 0  5 4 . 0  54 . 5  - 1 . 5  - . 5  
9 5 0 . 0  5 0 . 0  5 1 . 0  - 1 .  0 - 1 . 0  
1 0  5 1 . 0  5 3 . 0  5 3 . 0  - 2 . 0  0 . 0  
1 1  5 3 . 0  5 3 . 0  5 5 . 0  0 . 0  - 2 . 0  
1 2  4 6 . 0  4 4 . 0  47 . 5  - 1 .  5 - 3 . 5  
1 3  4 9 . 0  5 0 . 0  4 9 . 0  0 . 0  1 . 0  
14 4 8 . 5  4 9 . 5  5 1 . 0 - 2 . 5  - 1 .  5 
1 5  4 7 . 0  47 . 0  5 1 . 0  - 4 . 0  - 4 . 0  
1 6  5 3 . 0  5 2 . 0  5 3 . 0  0 . 0  - 1 .  0 
17 47 . 0  4 8 . 0  4 8 . 0  - 1 .  0 0 . 0  
18 5 4 . 0  5 5 . 5  5 4 . 0  0 . 0  1 . 5  
1 9  5 0 . 0  4 9 . 5  4 8 . 5  1 . 5  1 . 0  
2 0  4 9 . 0  47 . 5  4 8 . 0  1 . 0  - . 5  
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Table 1 1  
Pi lot Study 
H e a d  Circumf eren c e  Me a s ur ements 
Infant Examiner 1 Examiner 2 
1 3 6 . 0  3 6 . 0  
2 3 6 . 5  3 6 . 0  
3 3 6 . 0  3 6 . 0  
4 3 5 . 5  3 5 . 5  
5 3 4 . 0  3 4 . 0  
6 3 3 . 5  3 3 . 5  
7 3 5 . 0  3 5 . 0  
B 3 6 . 5  3 7 . 0  
9 3 4 . 0  3 3 . 5  
1 0  3 4 . 5  3 5 . 0  
1 1  3 6 . 0  3 6 . 5  
1 2  3 1 . 5  3 1 . 0  
1 3  3 4 . 0  3 4 . 5  
14 3 4 . 0  3 3 . 0  
1 5  3 3 . 0  3 3 . 0  
1 6  3 4 . 5  3 4 . 5  
17 3 3 . 0  3 3 . 0  
1 B  3 5 . 0  3 5 . 5  
19 3 4 . 0  3 4 . 5  
2 0  3 3 . 0  3 3 . 0  
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Table 1 2  
Pilot Study 
Che s t  Cir cumf erenc e  Measurement s 
Infant Examiner 1 Examiner 2 
1 3 4 . 5  3 5 . 5  
2 3 3 . 5  3 4 . 0  
3 3 4 . 0  3 4 . 5  
4 3 2 . 5  3 1 . 0  
5 3 2 . 5  3 1 . 0 
6 2 9 . 5  27 . 5  
7 3 0 . 5  3 0 . 0  
8 3 6 . 0  3 5 . 0  
9 3 4 . 0  3 4 . 0  
1 0  3 3 . 5  3 3 . 0  
1 1  3 5 . 5  3 5 . 0  
1 2  2 8 . 0  27 . 5  
1 3  3 0 . 0  2 9 . 5  
14 3 1 . 5  3 0 . 5  
1 5  2 9 . 5  2 9 . 5  
1 6  3 3 . 0  3 2 . 0  
17 2 9 . 0  2 9 . 0  
1 8  3 4 . 5  3 4 . 0  
19 3 2 . 0  3 1 . 5 
2 0  3 0 . 5  3 0 . 0  
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Tabl e  1 3  
Pilot Study 
Mi darm C i rc umf eren c e  Measur emen t s  
Infant Examiner 1 Examiner 2 
1 1 2 . 0  1 3  . 0  
2 1 2 . 0  1 2 . 5  
3 1 1 . 0  1 1 . 0  
4 1 1 . 0  1 1 . 0  
5 9 . 0  1 0 . 0  
6 9 . 0  9 . 0  
7 1 0 . 0  1 1 . 0 
8 1 2 . 0  1 3  . 0  
9 1 1 . 0  1 1 . 0  
1 0  1 0 . 5  1 0 . 0  
1 1  1 1 . 5  1 1 . 0  
1 2  8 . 5  9 . 0  
1 3  9 . 5  9 . 5  
14 1 0 . 5  1 0 . 0  
15 9 . 0 9 . 0 
1 6  1 0 . 5  1 0 . 5  
17 8 . 5  8 . 5  
18 1 1 . 0 1 0 . 5  
19 1 0 . 5  1 0 . 0  
2 0  9 . 5  9 . 5  
The Bal lard scores for the two examiners and the 
admitting nurse in the nursery are shown in table 14 . The 
scores f rom the two examiners range f rom 37 to 4 2  weeks . 
There is never a dif f erence of more than two weeks between 
the two examiners scores . The scores of the two examiners 
agree f or 1 0  of the infant s . For the infants with an EDC of 
3 8  weeks or les s ,  the Bal lard score is consi stently higher 
than the EDC . 
The Bal lard score is accurate only to within two weeks of 
the actual date . It is not unti l  a difference of three or 
more weeks exists that a real dis crepancy is cons idered . In 
practice , both estimates are cons idered but nursery care is 
based on the Bal lard score ( Avery , 1 9 8 1 ) . 
There is one 3 5  and one 3 6  week Bal lard score in the 
nursery group . Except for infants 1 0  and I S , the Ballard 
scores obtained by the nursery personnel fall within two 
weeks of the scores obtained by the two examiners . 
Rater Eff ect 
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The rater ef f ect i s  tested a s  explained in Section 3 . 4 . 1 .  
The analysis of variance tables for these measurements are 
shown in tables 1 5 - 18 . The p - values for the tests of rater 
ef f ects are l isted table 19 . The p - values f or length , head 
circumference , and mid arm circumference are not signif icant 
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Table 14 
Pilot Study 
Bal l ard Score s 
Infant Examiner 1 Examiner 2 Nursery 
1 4 0  4 1  4 0  
2 4 0  4 0  4 1  
3 4 1  4 2  4 2  
4 4 0  4 0  4 1  
5 3 9  4 1  4 0  
6 4 0  4 2  4 0  
7 4 1  4 1  4 0  
8 4 0  4 2  4 2  
9 4 1  4 0  4 0  
1 0  4 0  4 2  3 9  
1 1  4 0  4 0  3 8  
1 2  3 8  3 8  3 6  
1 3  3 9  3 9  3 8  
14 4 0  4 1  3 9  
1 5  3 8  37 3 5  
1 6  4 0  4 0  4 0  
17 4 0  4 0  4 0  
1 8  4 0  4 0  4 0  
19 40 4 1  4 1  
2 0  3 9  3 9  4 1  
DEP VAR : LENGTH N :  
SOURCE SUM - OF - SQUARES 
PATIENT 
RATER 
ERROR 
3 0 3 . 7 7 5 0 
0 . 1 0 0 0  
14 . 9 0 0 0  
Table 1 5  
LENGTHS 
GENERAL LINEAR MODELS PROCEDURE 
4 0  MULTIPLE R :  . 97 6  SQUARED MULTI PLE R :  . 9 5 3  
ANALYSI S  OF VARIANCE 
DF 
19 
1 
19  
MEAN- SQUARE 
1 5 . 9 8 8 2  
0 . 1 0 0 0  
0 . 7 84 2  
F - RATIO 
2 0 . 3 87 6  
0 . 1 27 5 
P 
0 . 0 0 0 0  
0 . 7 2 5 0  
� 
� 
DEP VAR : 
SOURCE 
PATIENT 
RATER 
ERROR 
HEAD N :  
SUM - OF - SQUARES 
7 5 . 6 1 8 8  
0 . 0 0 6 3  
1 .  6 1 8 8  
Table 1 6  
HEAD C I RCUMFERENCE 
GENERAL LINEAR MODELS PROCEDURE 
4 0  MULTI PLE R :  . 9 8 9  SQUARED MULTI PLE R :  . 97 9  
ANALYSI S  OF VARIANCE 
DF 
19 
1 
19  
MEAN - SQUARE 
3 . 9 7 9 9  
0 . 0 0 6 3  
0 . 0 8 52 
F - RATIO 
4 6 . 7 14 3  
0 . 07 3 4 
P 
0 . 0 0 0 0  
0 . 7 89 4  
"'" 
LT1 
DEP VAR : 
SOURCE 
PATIENT 
RATER 
ERROR 
CHEST N :  
SUM - OF - SQUARES 
2 17 . 4 0 0 0  
2 . 5 0 0 0  
5 . 0 0 0 0  
Table 17 
CHEST C I RCUMFE RENC E 
GENERAL LINEAR MODELS PROCEDURE 
4 0  MULTI PLE R :  . 9 89  SQUARED MULTI PLE R :  . 97 8  
ANALYSI S  OF VARIANCE 
DF 
19 
1 
19  
MEAN - SQUARE 
1 1 . 4 4 2 1  
2 . 5 0 0 0  
0 . 2 6 3 2  
F - RATIO 
4 3 . 4 8 0 0  
9 . 5 0 0 0  
P 
0 . 0 0 0 0  
0 . 0 0 6 1  
� 
G\ 
Table 1 8  
MIDARM C I RCUMFERENC E 
GENERAL LINEAR MODELS PROCEDURE 
DEP VAR : MIDARM N :  
SOURCE SUM - O F - SQUARES 
PATIENT 
RATER 
ERROR 
5 3 . 8 6 8 8  
0 . 1 5 6 3  
2 . 7 1 87 
4 0  MULTI PLE R :  . 97 6  SQUARED MULTI PLE R :  . 9 5 2 
ANALYSI S  OF VARIANCE 
DF 
19 
1 
19 
MEAN - SQUARE 
2 . 8 3 5 2  
0 . 1 5 6 3  
0 . 14 3 1  
F - RATIO 
19 . 8 1 3 8  
1 .  0 9 2 0  
P 
0 . 0 0 0 0  
0 . 3 09 2  
,;. 
-.J 
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Tabl e  1 9  
Pilot Study 
P - Values For Tests of Rater Ef f ects 
Length . 7 2 5 0  
Head Circumf erence . 7 8 9 4  
Chest Circumference . 00 6 1  
Mid A rm  Circumf erence . 3 0 9 2  
at the f ive percent level . This means there is no 
signif icant rater dif f erence between the two raters in their 
mean levels of measurement for length , head circumf erence ,  
and mid a rm  circumf erence f or these 2 0  infant s .  
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The p - value for the test of rater ef fect for chest 
circumference is signif icant . This means there is a 
dif f erence between the two raters in their mean l evel s  of 
chest measurement s .  Table 1 2  shows that except f or the f irst 
three infant s , the f irst examiner ' s  measurements are all the 
same or larger than the second examiner ' s  measurements .  
Because of the smal l  sample s i z e ,  the power of these 
tests for rater effects is low .  Thi s means that the test has 
a low probability of rej ect ing the nul l  hypothesis when the 
alt ernative hypothesis is true . The test has a low 
probability of ident ifying a rater ef f ect . S ince the power 
of these tests i s  low ,  plots of the data are examined to 
detect dif ferences between raters . 
Plots of the two raters measurements for length , head 
circumf erenc e ,  chest c ircumf erence , and mid arm circumference 
are shown in f igures 5 - 8 . The closer the points follow a 
straight l ine f rom the lower left corner to the upper right 
corner , the closer are the two raters measurement s .  
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Figure 6 .  Raters and Head Circumf erence 
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F igure 7 .  Raters and Chest Circurrrr erence 
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Figure 8 .  Raters and Mid Arm Circumference 
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The points in the plots for length and head circumf erence 
fol low a fairly straight line f rom the lower left corner of 
the graph to the upper right corner of the graph . Thi s 
indicates c lose agreement between the two raters for these 
measurements .  The middle values of mid arm are shifted up . 
Thi s  indicates the measurements of rater 1 are larger than 
rater 2 for these measurements of mid arm circumference . 
The remaining points are scattered on either s ide of the l ine 
indicating no other patterns of dif ference between the two 
raters for lengt h ,  head circumf erence , and mid arm 
circumf erence . 
The points in the plot for chest circumference 
measurements between the two raters ( f igure 8 )  follow a 
fairly straight l ine f rom the lower left corner of the graph 
to the upper right corner of the graph . However ,  the l ine of 
points is shif t ed up indicat ing the measurements of chest 
circumference f or rater 1 are cons istently larger than the 
measurements of chest circumf erence for rater 2 .  
Although the power of the tests f or rater effects is low ,  
the results o f  examination o f  these plots agree with the 
results of the tests for rater ef f ects . The plots indicate 
that for the middle values mid arm circumf erence ,  rater 1 
measurements are larger than rater 2 measurements .  There are 
no other rater ef fects in the length , head circumference , and 
mid arm ci rcumference measurements . The measurements of 
chest circumference f or rater 1 are consistently larger than 
the chest circumf erence measurements for rater 2 .  
Intraclas s  Correlation Coef f icient 
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Figure 9 contains the Microsof t QuickBASI C  1 . 0  program 
used to calculate the I CC . Table 2 0  l i st s  the values of the 
intraclass correlat ion coef f icient for length , head 
circumference , chest circumference , and mid arm 
circumference . The coef f icients range f rom . 9 1 to . 9 6 
indicating excel lent reliabi lity of these measurements in the 
f inal study .  
weighted Kappa 
Table 2 1  shows the f requency of agreement of the Bal lard 
score between the two raters and the proportion of infants in 
each category i s  shown in table 2 2 . weighted kappa is used 
to quantify interrater agreement . The weights used are shown 
in table 2 3 . The weighted kappa f or these data is . 89 .  This 
indicates excel lent agreement between the two raters on the 
Bal lard score . 
' INTRACLASS CORRELATION COEFFICIENT 
, BY LYDIA SUND 
' THI S  BASI C  PROGRAM CALCULATES THE 
' INTRACLASS CORRELATION COEFFICIENT 
, FOR A STUDY OF RATER EFFECTS 
, WHEN THE RATER 
' EFFECTS ARE FIXED 
' THE FORMULA I S  FROM 
' THE DESIGN AND ANALYSI S  OF CLINICAL EXPERIMENTS 
' BY JOSEPH C .  FLEISS NEW YORK : WILEY , 1 9 8 6  
' PAGE 2 1  
PRINT , " ENTER N - - THE TOTAL SAMPLE SIZE"  
INPUT N 
PRI NT ,  " ENTER PMS THE PATIENT MEAN SQUARE "  
INPUT PMS 
PRINT , " ENTER RMS THE RATER MEAN SQUARE" 
INPUT RMS 
PRINT , " ENTER EMS THE ERROR MEAN SQUARE" 
INPUT EMS 
PRI NT ,  " ENTER THE NUMBER OF RATERS" 
INPUT K 
RHAT= 
(N* ( PMS - EMS } } / ( (N* ( PMS } } + ( ( K- 1 } * ( RMS } } + ( (N - 1 } * ( K - 1 } * ( EMS } ) }  
PRINT RHAT 
Figure 9 .  Calculating The Int raclass Correlation 
Coef f i cient 
5 6  
Table 2 0  
Pilot Study 
Estimate s  of the Intraclass Corr elation Coef ficient 
( IC C )  
MEASUREMENT I CC 
LENGTH . 9 1 
HEAD . 9 6 
CHEST . 9 5  
MIDARM . 9 1 
BALLARD . 6 2 
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Table 2 1  
Pilot Study 
Frequency of Agre ement on B allard Score Betwe en The Two Rate rs 
TABLE OF RATER1 ( ROWS ) BY RATER2 ( COLUMNS ) 
FREQUENCIES 
3 7  3 8  3 9  4 0  4 1  4 2  TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3 7  0 0 0 0 0 0 0 
3 8  1 1 0 0 0 0 2 
3 9  0 0 2 0 1 0 3 
4 0  0 0 0 6 3 3 1 2  
4 1  0 0 0 1 1 1 3 
4 2  0 0 0 0 0 0 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
TOTAL 1 1 2 7 5 4 2 0  
U1 
CD 
TABLE OF RATERl 
Table 2 2  
Pilot Study 
Proporti on of Infants in B ach Category 
Based on Ballard Scor es of the Two Rate rs 
( ROWS ) BY RATER 2 ( COLUMNS ) 
FREQUENCIES 
3 7  3 8  3 9  4 0  4 1  4 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
37 0 0 0 0 0 0 
3 8  . 0 5 . 0 5 0 0 0 0 
3 9  0 0 . 1 0 0 . 0 5 0 
4 0  0 0 0 . 3 0  . 1 5 . 1 5 
4 1  0 0 0 . 0 5 . 0 5 . 0 5 
4 2  0 0 0 0 0 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
TOTAL . 0 5 . 0 5 . 1 0 . 3 5  . 2 5 . 2 0 
TOTAL 
0 
. 1 0 
. 1 5 
. 6 0 
. 1 5 
0 
1 .  00 
VI 
� 
Table 2 3  
Pi lot Study 
We i gh t s  Use d  f or Cal c ul a t i on of W e i gh t e d  Kappa 
TABLE OF RATER1 ( ROWS ) BY RATER 2 ( COLUMNS ) 
FREQUENCIES 
37 3 8  3 9  4 0  4 1  4 2  
37 1 . 9 6 . 8 4 . 6 4 . 3 6 0 
3 8  . 9 6  1 . 9 6  . 84 . 64 . 3 6 
3 9  . 84 . 9 6  1 . 9 6  . 84 . 64 
4 0  . 6 4 . 84 . 9 6  1 . 9 6 . 84 
4 1  . 3 6  . 6 4 . 8 4 . 9 6  1 . 9 6 
4 2  0 . 3 6 . 6 4 . 8 4 . 9 6  1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0'\ 
o 
Conclus ions and Recommendations 
1 .  The dif ferences in measurement s for length and head 
circumf erence did not have an ef f ect on f inal infant 
classif ication . 
2 .  The estimates for interrater reliability for length , 
head circumference , chest circumference , and mid arm 
circumference f or the f inal study indicate high rel iabil ity 
for these measurements .  
3 .  There are observed dif f erences between the two nurses in 
their calculations of the Bal lard score for the infants . 
Their estimates of gestational age agree with each other 
within a two week period . The weighted kappa indicates 
excellent agreement between the raters . 
4 .  Seventeen of the infants had gestational ages greater 
than 3 8  weeks . There may not be enough infant s in the f inal 
study in the less than 3 7  week area to generate an accurate 
graph . 
5 .  The relationship between sex , race , number of prenatal 
visits and infant classification needs to be examined in the 
larger study .  
6 1  
Chapter 4 
Graphs 
This chapter examines the data collected f or the f irst 9 8  
infants in the f inal study . The purpose of this chapter is 
to describe graphs developed f rom the data of weight , length , 
and head circumference by gestational age and compare these 
graphs with the ones by Lubchenco in 1 9 6 3  and 1 9 6 6  ( Lubchenco 
et a i , 1 9 6 3 ,  1 9 6 6 ) . These data are listed in table 4 8  in the 
appendix and the variables are described in f igure 3 .  
Weight , length , and head circumf erence are examined 
separately . The same graphing techniques used by Lubchenco 
( Lubchenco et ai , 1 9 6 3 , 1 9 6 6 )  are applied to the data . The 
other variables collected are examined to understand the 
characteristics of the sample and ident ify data collection 
problems . 
weight 
The weights of the infants ranged f rom 2 07 0  to 4 7 6 0  grams 
with a mean weight of 3 2 2 2 . Gestat ional ages ranged f rom 3 4  
t o  4 2  weeks with a mean gestational age o f  3 8 . 7  weeks . Table 
6 2  
2 4  shows the number of infants by gestational week . The 
ext reme gestati onal ages contain f ew infant s . The 3 4  week 
and 4 2  weeks gestational age groups have two infant s each . 
The graphs may not be accurate at these gestations since 
there are so f ew infants in these groups . The maj ority of 
the infant s ( 82 % )  are between 3 7  and 4 1  weeks . Gestational 
age is mis sing for six of the infants ; therefore , 
measurements f rom 9 2  of the infants are used in the 
development of the graphs . 
Lubchenco Method 
6 3  
The method used by Lubchenco ( Lubchenco et al , 19 6 3 ) to 
produce the weight graph currently in use was brief ly 
examined in the section , Development of Graphs . The method 
involved grouping the infants by gestat ional age and weight , 
calculating percent i les within each group , and then smoothing 
the percentiles across groups . I n  this section , the method 
wil l  be reviewed and its application to the current data 
explained . 
In the Lubchenco study ( Lubchenco et al , 1 9 63 ) , the 
infants were f irst grouped by gestational age . The 
gestational age was col lected in number of weeks plus days . 
The infants born f rom the beginning of one week to the 
beginning of another week were grouped together . This is 
diff erent f rom the gestational age measurement in the current 
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Tabl e  2 4  
Infants by Gestat ion 
Weeks Number of Infant s 
3 4  2 
3 5  4 
3 6  4 
37 12 
3 8  1 1  
3 9  2 4  
4 0  2 3  
4 1  1 0  
4 2  2 
6 5  
study .  I n  thi s case , gestational age has been rounded to 
the closest whole week . The gestational age grouping would 
not be the same for some infant s . For example , an infant 
with a gestational age of 37 5 /7 weeks would be cons idered 3 7  
weeks by Lubchenco and 3 8  weeks i n  the current study . I t  is 
not clear what effect this diff erence has on the f inal weight 
graph . Table 2 5  shows the weight s by gestat ional age . 
After the infants were grouped by gestat ional age ,  the 
birth weights were tabulated at 1 0 0  gram intervals .  Table 2 5  
shows the tabulation by 1 0 0  gram intervals for the 9 2  infants 
in the current study . Some of the precision is lost by this 
grouping . Lubchenco ( Lubchenco et al , 1 9 6 3 ) does not explain 
why this grouping is done but the purpose may be to ease 
cal culation . 
After grouping the gestat ional ages and weights , ogives 
were constructed us ing these groupings . An ogive is a l ine 
chart of a cumulat ive f requency distribution (Van Matre 
1 9 8 3 ) . Us ing the ogives , values for the 1 0th , 2 5th , 5 0th , 
7 5th , and 9 0th percentiles were read . 
Using the density plot procedure in Systat ( Wi lkinson , 
1 9 8 9 ) cumulative f requency histograms were drawn f rom the 
weight and gestational age groupings of the current data . 
The polygon option was used which produced lines connecting 
the tops of the bars on each histogram . Additional lines 
Table 2 5  
Gestational Age and Weight 
Weight Gestational Age Method weight s in 
2 54 0 . 0  
2 5 5 1 . 0 
2 6 8 0 . 0  
3 0 9 0 . 0  
3 2 3 0 . 0  
3 5 3 0 . 0  
2 3 3 0 . 0  
2 4 3 0 . 0  
2 5 2 3 . 0  
27 2 0 . 0  
2 84 0 . 0  
2 9 5 0 . 0  
2 07 0 . 0  
2 19 0 . 0  
2 7 9 0 . 0  
2 9 8 0 . 0  
2 4 1 0 . 0  
2 6 6 0 . 0  
2 7 5 0 . 0  
2 8 3 0 . 0  
3 0 3 0 . 0  
3 1 1 0 . 0  
3 2 3 0 . 0  
3 3 3 0 . 0  
3 3 2 0 . 0  
3 6 1 0 . 0  
3 7 7 0 . 0  
4 0 0 0 . 0  
2 7 4 0 . 0  
2 9 8 0 . 0  
3 0 8 0 . 0  
3 17 0 . 0  
3 1 2 0 . 0  
3 1 9 0 . 0  
3 2 6 0 . 0  
3 3 4 0 . 0  
3 4 3 0 . 0  
3 57 0 . 0  
4 2 6 0 . 0  
3 4 . 0  
3 4 . 0  
3 5 . 0  
3 5 . 0  
3 5 . 0  
3 5 . 0  
3 6 . 0  
3 6 . 0  
3 6 . 0  
3 6 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 7 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
3 8 . 0  
1 . 0  
1 . 0  
1 . 0  
2 . 0  
2 . 0  
2 . 0  
1 . 0  
1 . 0  
1 . 0  
2 . 0  
1 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
2 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
1 . 0  
1 . 0  
2 . 0  
2 . 0  
1 . 0  
1 0 0  Gm .  Intervals 
2 5 0 0 . 0  
2 5 0 0 . 0  
2 6 0 0 . 0  
3 0 0 0 . 0  
3 2 0 0 . 0  
3 5 0 0 . 0  
2 3 0 0 . 0  
2 4 0 0 . 0  
2 5 0 0 . 0  
27 0 0 . 0  
2 8 0 0 . 0  
2 9 0 0 . 0  
2 0 0 0 . 0  
2 1 0 0 . 0  
27 0 0 . 0  
2 9 0 0 . 0  
2 4 0 0 . 0  
2 6 0 0 . 0  
27 0 0 . 0  
2 8 0 0 . 0  
3 0 0 0 . 0  
3 1 0 0 . 0  
3 2 0 0 . 0  
3 3 0 0 . 0  
3 3 0 0 . 0  
3 6 0 0 . 0  
3 7 0 0 . 0  
4 0 0 0 . 0  
27 0 0 . 0  
2 9 0 0 . 0  
3 0 0 0 . 0  
3 10 0 . 0  
3 10 0 . 0  
3 10 0 . 0  
3 2 0 0 . 0  
3 3 0 0 . 0  
3 4 0 0 . 0  
3 5 0 0 . 0  
4 2 0 0 . 0  
6 6  
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Table 2 5-Con tinued 
weight Gestat ional Age Method weights in 
1 0 0  Gm . I ntervals 
2 2 2 0 . 0  3 9 . 0  2 . 0  2 2 0 0 . 0  
2 67 0 . 0  3 9 . 0  2 . 0  2 6 0 0 . 0  
2 6 5 0 . 0  3 9 . 0  2 . 0  2 6 0 0 . 0  
2 6 0 0 . 0  3 9 . 0  1 . 0  2 6 0 0 . 0  
2 77 0 . 0  3 9 . 0  1 . 0  27 0 0 . 0  
2 84 0 . 0  3 9 . 0  2 . 0  2 8 0 0 . 0  
2 84 0 . 0  3 9 . 0  1 . 0  2 80 0 . 0  
2 8 0 0 . 0  3 9 . 0  1 . 0  2 8 0 0 . 0  
2 9 3 0 . 0  3 9 . 0  1 . 0  2 9 0 0 . 0  
3 0 0 0 . 0  3 9 . 0  1 . 0  3 0 0 0 . 0  
3 1 8 0 . 0  3 9 . 0  1 . 0  3 1 0 0 . 0  
3 17 0 . 0  3 9 . 0  1 . 0  3 1 0 0 . 0  
3 1 2 0 . 0  3 9 . 0  2 . 0  3 1 0 0 . 0  
3 17 0 . 0  3 9 . 0  1 . 0  3 1 0 0 . 0  
3 17 5 . 0  3 9 . 0  1 . 0  3 10 0 . 0  
3 1 1 0 . 0  3 9 . 0  2 . 0  3 1 0 0 . 0  
3 2 8 0 . 0  3 9 . 0  2 . 0  3 2 0 0 . 0  
3 3 3 0 . 0  3 9 . 0  2 . 0  3 3 0 0 . 0  
3 3 0 0 . 0  3 9 . 0  1 . 0  3 3 0 0 . 0  
3 4 2 0 . 0  3 9 . 0  1 . 0  3 4 0 0 . 0  
3 7 8 0 . 0  3 9 . 0  2 . 0  3 7 0 0 . 0  
3 87 0 . 0  3 9 . 0  1 . 0  3 8 0 0 . 0  
4 14 0 . 0  3 9 . 0  1 . 0  4 10 0 . 0  
47 6 0 . 0  3 9 . 0  1 . 0  4 7 0 0 . 0  
2 6 5 0 . 0  4 0 . 0  1 . 0  2 6 0 0 . 0  
2 7 1 0 . 0  4 0 . 0  2 . 0  27 0 0 . 0  
2 87 0 . 0  4 0 . 0  1 . 0  2 8 0 0 . 0  
2 9 6 0 . 0  4 0 . 0  1 . 0  2 9 0 0 . 0  
2 9 3 0 . 0  4 0 . 0  2 . 0  2 9 0 0 . 0  
3 07 0 . 0  4 0 . 0  2 . 0  3 0 0 0 . 0  
3 0 0 0 . 0  4 0 . 0  2 . 0  3 0 0 0 . 0  
3 0 8 0 . 0  4 0 . 0  1 . 0  3 0 0 0 . 0  
3 1 9 0 . 0  4 0 . 0  2 . 0  3 10 0 . 0  
3 1 1 0 . 0  4 0 . 0  1 . 0  3 1 0 0 . 0  
3 1 8 0 . 0  4 0 . 0  2 . 0  3 10 0 . 0  
3 2 8 0 . 0  4 0 . 0  2 . 0  3 2 0 0 . 0  
3 3 2 0 . 0  4 0 . 0  2 . 0  3 3 0 0 . 0  
3 4 6 0 . 0  4 0 . 0  1 . 0  3 4 0 0 . 0  
3 4 2 0 . 0  4 0 . 0  1 . 0  3 4 0 0 . 0  
3 4 8 0 . 0  4 0 . 0  2 . 0  3 4 0 0 . 0  
3 4 2 0 . 0  4 0 . 0  1 . 0  3 4 0 0 . 0  
3 5 0 0 . 0  4 0 . 0  1 . 0  3 5 0 0 . 0  
3 6 5 0 . 0  4 0 . 0  2 . 0  3 6 0 0 . 0  
3 9 4 0 . 0  4 0 . 0  1 . 0  3 9 0 0 . 0  
3 9 0 0 . 0  4 0 . 0  1 . 0  3 9 0 0 . 0  
4 37 0 . 0  4 0 . 0  2 . 0  4 3 0 0 . 0  
4 3 0 0 . 0  4 0 . 0  2 . 0  4 3 0 0 . 0  
weight 
2 950. 0 
3540 . 0  
3550. 0 
3 6 30. 0 
3750. 0 
3790. 0 
3830 . 0  
4090 . 0  
4 3 2 0 . 0  
4500 . 0  
3 4 90 . 0  
3720. 0 
Table 25-Con tinued 
Gestational Age 
4 1. 0  
4 1. 0  
4 1. 0  
4 1 . 0  
4 1. 0  
4 1. 0  
4 1. 0  
4 1 . 0  
4 1. 0 
4 1 . 0  
4 2 . 0  
4 2 . 0  
Method weights in 
100 Gm .  Intervals 
2. 0 2900. 0 
2. 0 3500. 0 
2 . 0 3500. 0 
1 . 0  3 60 0 . 0  
1. 0 3700. 0 
1. 0 3700. 0 
1. 0 3800. 0 
1. 0 4000. 0 
1. 0 4 3 0 0 . 0  
1. 0 4500 . 0  
2. 0 3400. 0 
2. 0 3700 . 0  
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were hand drawn on the plot s ,  where needed , to produce the 
ogives . Figures 10 - 1 6 show the ogives for each gestational 
week and table 2 6  contains the tabulated cumulative 
f requencies . Using the ogives in f igures 1 0 - 16 ,  the 
percentile groups were calculated and are listed at the 
bottom of each ogive . 
6 9  
To cal culate a percent i le group , the desired percentage 
was f irst f ound on the y axis of each ogive by measuring the 
appropriate distance f rom the origin . A line was drawn 
paral lel to the x axi s  f rom this point . From the point where 
this l ine intersected the ogive , a l ine was drawn 
perpendicular down to the x axis . The value on the x axis is 
the value for the des i red percent ile . 
The values obtained f rom the ogives were compared with 
the cumulat ive f requencies in table 2 6  to make sure the 
values were fairly c lose . There were some errors in graph 
reading , but after these were corrected all the values were 
within 5 0  grams of values in the cumulative f requency table . 
In the Lubchenco study ( Lubchenco et ai , 1 9 63 ) , the 
percent iles obtained f rom the ogives were graphed versus 
gestational age and smoothed arithmet ically . There is no 
further explanation of the term " smoothed arithmet ically . " 
In the art icle explaining the development of the length and 
head c ircumference graphs ( Lubchenco et ai , 1 9 6 6 ) , smoothing 
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Table 2 6  
CUmulative Frequency by Gestational Age 
Birth weights Tabulated in 1 0 0  Gm .  Intervals 
THE FOLLOWING RESULTS ARE FOR : GEST 3 4  
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 5 0 . 0  5 0 . 0  2 3 0 0 . 00 0  
1 2 5 0 . 0  1 0 0 . 0  2 4 0 0 . 00 0  
TH E  FOLLOWING RESULTS ARE FOR : GEST 3 5  
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 2 5 . 0  2 5 . 0  2 5 0 0 . 0 0 0  
1 2 2 5 . 0  5 0 . 0  27 0 0 . 0 0 0  
1 3 2 5 . 0  7 5 . 0  2 8 0 0 . 00 0  
1 4 2 5 . 0  1 0 0 . 0  2 9 0 0 . 00 0  
THE FOLLOWING RESULTS ARE FOR : GEST 3 6  
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 2 5 . 0  2 5 . 0  2 0 0 0 . 0 0 0  
1 2 2 5 . 0  5 0 . 0  2 1 0 0 . 00 0  
1 3 2 5 . 0  7 5 . 0  27 0 0 . 0 0 0  
1 4 2 5 . 0  1 0 0 . 0  2 9 0 0 . 0 0 0  
7 8  
Table 2 6-Con tinued 
THE FOLLOWING RESULTS ARE FOR : GEST = 37 
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 8 . 3 8 . 3 2 4 0 0 . 00 0  
1 2 8 . 3  1 6 . 7  2 6 0 0 . 00 0  
1 3 8 . 3 2 5 . 0  2 7 0 0 . 0 0 0  
1 4 8 . 3  3 3 . 3  2 8 0 0 . 00 0  
1 5 8 . 3 4 1 . 7  3 0 0 0 . 00 0  
1 6 8 . 3 5 0 . 0  3 1 0 0 . 00 0  
1 7 8 . 3 5 8 . 3  3 2 0 0 . 00 0  
2 9 1 6 . 7  7 5 . 0  3 3 0 0 . 00 0  
1 1 0  8 . 3 8 3 . 3  3 6 0 0 . 0 0 0  
1 1 1  8 . 3 9 1 . 7  37 0 0 . 00 0  
1 1 2  8 . 3  1 0 0 . 0  4 00 0 . 00 0  
THE FOLLOWING RESULTS ARE FOR : GEST = 3 8 . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 9 . 1  9 . 1 27 0 0 . 0 0 0  
1 2 9 . 1 1 8 . 2  2 9 0 0 . 0 0 0  
1 3 9 . 1 27 . 3  3 0 0 0 . 00 0  
3 6 2 7 . 3  5 4 . 5  3 1 0 0 . 00 0  
1 7 9 . 1  6 3 . 6  3 2 0 0 . 00 0  
1 8 9 . 1  7 2 . 7  3 3 0 0 . 0 0 0  
1 9 9 . 1  8 1 . 8  3 4 0 0 . 0 0 0  
1 1 0  9 . 1 9 0 . 9  3 5 0 0 . 0 0 0  
1 1 1  9 . 1 1 0 0 . 0  4 2 0 0 . 0 0 0  
TH E  FOLLOWING RESULTS ARE FOR : Gest = 3 9  
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 4 . 2  4 . 2  2 2 00 . 0 0 0  
3 4 1 2 . 5  1 6 . 7  2 60 0 . 0 0 0  
1 5 4 . 2 2 0 . 8  2 7 0 0 . 00 0  
3 8 1 2 . 5  3 3 . 3  2 8 0 0 . 00 0  
1 9 4 . 2  37 . 5  2 9 0 0 . 00 0  
1 1 0  4 . 2 4 1 . 7  3 0 0 0 . 00 0  
6 1 6  2 5 . 0  6 6 . 7  3 10 0 . 0 0 0  
1 17 4 . 2  7 0 . 8  3 2 0 0 . 0 0 0  
2 1 9  8 . 3  7 9 . 2  3 3 0 0 . 0 0 0  
1 2 0  4 . 2  8 3 . 3  3 4 0 0 . 0 0 0  
1 2 1  4 . 2  87 . 5  37 0 0 . 0 0 0  
1 2 2  4 . 2 9 1 . 7  3 8 0 0 . 00 0  
1 2 3  4 . 2 9 5 . 8  4 10 0 . 00 0  
1 2 4  4 . 2 1 0 0 . 0  47 0 0 . 0 0 0  
7 9  
Table 26-Con tinued 
THE FOLLOWING RESULTS ARE FOR : Gest = 40 
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 4 . 3 4. 3 2600. 000 
1 2 4 . 3 8. 7 2 7 00. 000 
1 3 4 . 3 13 . 0  2800. 000 
2 5 8. 7 21. 7 2900. 000 
3 8 13 . 0  34. 8 3000. 000 
3 11 13 . 0  47 . 8  3100. 000 
1 12 4 . 3 52 . 2  3200. 000 
1 13 4 . 3 56. 5 3 300. 000 
4 17 17 . 4  7 3 . 9  3400. 000 
1 18 4 . 3 7 8. 3 3 500. 000 
1 19 4 . 3 82 . 6  3600. 000 
2 2 1  8. 7 91. 3 3900. 000 
2 2 3  8. 7 100. 0 4 300. 000 
THE FOLLOWING RESULTS ARE FOR : Gest = 41 
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 10. 0 10. 0 2900. 000 
2 3 20. 0 30. 0 3 500. 000 
1 4 10 . 0  4 0 . 0 3600. 000 
2 6 20. 0 60. 0 3 7 00. 000 
1 7 10. 0  7 0 . 0 3800. 000 
1 8 10. 0 80. 0 4 000. 000 
1 9 10. 0 90. 0  4 300. 000 
1 10 10. 0  100. 0 4 500. 000 
THE FOLLOWING RESULTS ARE FOR : Gest = 4 2  
CUM CUM 
COUNT COUNT PCT PCT WGTGROUP 
1 1 50. 0 50. 0  3400. 000 
1 2 50. 0 100. 0 37 00. 000 
i s  explained as us ing arithmet ic three point means . 
Therefore , three point running means ( Mostel ler , 1 97 7 ) f or 
each percentile group are used to generate the graphs of the 
current data . 
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The smoothing technique o f  three point running means uses 
the two values adj acent to a specific point to yield a new 
value f or that t ime period . A new estimate of weight f or 
each gestational age group is f ound by averaging the weights 
for that group with the groups on either side .  The end 
values do not change when thi s  smoothing technique i s  appl ied 
s ince the end point s  have only one adj acent value . 
Table 27 contains the percenti les before smoothing and 
table 2 8  contains the percent i les after smoothing . Figure 17 
is a graph of the smoothed values . As shown in tables 27 and 
2 8 ,  the end values , 3 5  and 4 1  weeks gestation , are unchanged 
by thi s smoothing process . 
Table 2 9  shows the smoothed values f or both the Lubchenco 
study and the current data ( Luchenco et al , 1 9 63 ) . These 
data are graphed in f igure 1 8 . The greatest dif f erences 
between Ri chmond and Colorado are at the ends where the 
Richmond data are unsmoothed . The Richmond data needs 
smoothing so a compari son can be made with the Colorado data . 
Table 27 Inf ant weights 
Percentiles before Smoothing 
Gestational 1 0  2 5  50 
Age 
3 5  2 4 3 0  2 5 0 0  27 0 0  
3 6  1 9 3 0  2 0 0 0  2 1 0 0  
3 7  2 4 0 0  27 00 3 1 00 
3 8  2 7 2 5  2 9 7 5 3 0 8 0  
3 9  2 3 2 5  2 7 2 5  3 0 2 5  
4 0  27 3 0  2 9 2 0  3 1 5 0  
4 1  2 9 0 0 3 37 0  3 6 6 0  
7 5  
2 8 0 0  
2 7 0 0  
3 3 0 0 
3 3 2 0  
3 2 5 0  
3 4 2 5  
3 9 0 0  
9 0  
2 8 6 0  
2 8 2 5  
3 7 00 
3 4 9 0  
37 7 5  
3 8 2 5  
4 3 0 0 
ro 
f-' 
Table 2 8  Intrauterine Growth Males and Fema les 
Bnds unsmo o t h e d  
Gestat ional 
Age 
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
Mean 
Patients weight 
4 
4 
12 
11 
2 4  
2 3  
1 0  
2 7 5 8  
2 5 07 
3 17 1  
3 2 8 5 
3 17 2  
3 3 3 9  
3 7 9 5  
1 0  
2 4 3 0  
2 2 5 3  
2 3 5 2 
2 4 8 3  
2 5 9 3  
2 6 52 
2 9 0 0  
Smoothed Percent i les 
2 5  5 0  7 5  
2 5 0 0  
2 4 0 0  
2 5 5 8  
2 8 0 0  
2 87 3  
3 0 0 5  
3 3 7 0  
27 0 0  
2 6 3 3  
27 6 0  
3 0 6 8  
3 0 8 5  
3 2 7 8  
3 6 6 0  
2 8 0 0  
2 9 3 3  
3 1 0 6 
3 2 9 0  
3 3 3 1  
3 5 2 5  
3 9 0 0  
9 0  
2 8 6 0  
3 1 2 8  
3 3 3 8  
3 6 5 5  
3 6 9 7  
3 9 67 
4 3 0 0  
00 
IV 
4 5 0 0  
4 0 0 0 
3 5 0 0  
3 0 0 0  
2 5 0 0  
2 0 0 0  
/ 
,--­
/ 
3 4  3 5  3 6  3 7  3 8  3 9  4 0  4 1  4 2  
G e s t a t i on 
R 9 0  
R7 5 
R 5 0  
- - - R2 5 
R 1 0  
Figure 17 . Richmond Percent i les Smoothed Ends Smoothed 
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Table 29 Intrauterine Growth Males and Females 
Comparison of Richmond and Colorado 
R i c hmond Bnds Un s moo thed 
Richmond Colorado 
Gestat ional Mean Smoothed Percenti les 
Age Patients Weight 1 0  2 5  5 0  7 5  9 0  
3 5  4 2 7 5 8  2 4 3 0  2 5 0 0  27 0 0  2 8 0 0  2 8 6 0  
3 5  1 88 2 4 83 1 8 0 0  2 1 3 0  2 4 85 2 8 7 0  3 2 0 0  
3 6  4 2 5 07 2 2 53 2 4 0 0  2 6 3 3  2 9 3 3  3 1 2 8  
3 6  2 02 2 753 2 0 5 0  23 60 2 7 1 0  3 09 0  3 3 9 0  
3 7  1 2  3 17 1  2 3 52 2 5 5 8  27 6 0  3 1 06 3 3 3 8  
3 7  3 72 2 86 6  2 2 6 0  2 5 65 29 0 0  323 0 3 5 2 0  
3 8  1 1  3 2 8 5  2 4 8 3  2 8 0 0  3 0 6 8  3 2 9 0  3 6 5 5  
3 8  63 6 3 02 5  2 4 3 0  2 72 0  3 0 3 0  3 3 60 3 64 0  
3 9  2 4  3 17 2  2 5 9 3  2 87 3  3 0 8 5  3 3 3 1  3 6 97 
3 9  1 0 1 0  3 1 3 0  2550 2 84 5  3 1 4 0  3 4 3 5  3 73 5  00 
� 
Gestat ional 
Age 
4 0  
4 0  
4 1  
4 1  
Pat ients 
23 
1 1 64 
1 0  
632 
Table 29-Con t inued 
Richmond 
Mean 
Weight 
3 3 3 9  
3226 
3 7 9 5  
3 3 0 7  
1 0  
26 52 
2 6 3 0  
29 00 
2 6 9 0  
Colorado 
Smoothed Percent i les 
25 
3 0 0 5  
29 3 0  
3 3 7 0 
2 9 9 0  
50 
327 8 
3 2 3 0  
3 6 6 0  
3 2 9 0  
7 5  
3 525 
3520 
3 9 0 0 
3 5 80 
9 0  
3 9 67 
3 8 1 5  
4 3 0 0 
3 8 7 0  
(Xl 
lJ1 
• 
� ICJI 
'" 
:I 
4 5 0 0  
4 0 0 0  
3 5 0 0  
3 0 0 0  
2 5 0 0  
2 0 0 0  
1 5 0 0  
3 4  
-' -' ..-
/ 
..--' 
---
..- Richrrond 
Colorado 
Solid line 
Dashed line 
3 5  3 6  3 7  3 8  3 9  4 0  4 1  4 2  
Ge s t a t i on 
Figure 1 8 . weight Percent i les for Richmond and Colorado 
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S ince Lubchenco et al ( Lubchenco et al , 1 9 6 3 )  did not 
specify their method used to smooth the ends , Tukey ' s  method 
using straight l ine extrapolation is used to smooth the ends 
of the Richmond data ( Tukey , 1 9 7 7 ) . Fi rst , a straight l ine 
i s  f it through the two points adj acent to the end point to 
est imate a new value at the t ime period on the other side of 
the end . For example in this data , 3 5  weeks i s  one end 
87 
point . A straight l ine i s  f it through the weights at 3 6  and 
3 7  weeks to estimate the weight at 3 4  weeks . Second , the end 
point and values on either s ide are averaged and thi s average 
is used as the new estimate for the end point . The weights 
at 3 4 , 3 5 , and 3 6  weeks are averaged and thi s average becomes 
the estimate for 3 5  weeks . 
Table 3 0  l i st s  the smoothed percenti les with the ends 
smoothed . These percent i les are graphed in f igure 1 9 . 
Smoothing the ends lowered the 4 1  week weight for all 
percentiles . For the 3 5  week weight s , smoothing lowered the 
1 0 - 7 5 th percenti les . The 9 0th percenti l e  weight increased 3 3  
grams . Table 3 1  lists the Richmond and Colorado data with 
the ends now smoothed for the Richmond data . Figure 2 0  
graphs these weights f or the Richmond and Colorado data . 
Diff erences between the two studies in the 1 0 th and the 9 0th 
percenti les are the most important s ince it is these 
percenti les that determine infant classif icat ion . The 10th 
and 9 0th percenti les are graphed in f igure 2 1 . The numbers 
Table 3 0  Intrauterine Growth 
Bnds smoo t h e d  
Males and Females 
Gestat ional 
Age 
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
Mean 
Patients Weight 
4 2 7 5 8  
4 2 5 07 
12 3 17 1  
1 1  3 2 8 5  
2 4  3 17 2  
2 3  3 3 3 9  
1 0  3 7 9 5  
1 0  
2 2 4 6  
2 2 5 3  
2 3 5 2  
2 4 8 3  
2 5 9 3  
2 6 5 2  
27 7 4  
Smoothed Percent i les 
2 5  
2 3 2 8  
2 4 0 0  
2 5 5 8  
2 8 0 0  
2 87 3  
3 0 0 5 
3 2 1 5  
5 0  
2 5 7 1  
2 6 3 3  
27 6 0  
3 0 68 
3 0 8 5 
3 2 7 8  
3 5 3 4  
7 5  
2 7 7 3 
2 9 3 3  
3 1 0 6  
3 2 9 0  
3 3 3 1  
3 5 2 5  
3 7 7 9  
9 0  
2 8 9 9  
3 1 2 8  
3 3 3 8  
3 6 5 5 
3 6 9 7  
3 9 67 
4 2 5 8  
co 
co 
rei 
..::: '" 
41 
::I 
' 5 0 0  
" 
/ / / 
' 0 0 0  " /' / / 
/ I " r -- -J " " " / 3 5 0 0  / / / " " / / / _ /  
/ / ..--- / ; / ./ ./ / / / � _ /  / " 3 0 0 0  " " " ,.,/ " / " / " " / -----
/ r-� / ------ - / 
2 5 0 0  / 
� 
2 0 0 0  
3 '  3 5  3 6  3 7  3 8  3 9  ' 0  ' 1  ' 2  
Ge s t a t i on 
Figure 1 9 . Richmond Percenti les Ends Smoothed 
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Table 3 1  Intrauterine Growth Males and Females 
Comparison of Richmond and Colorado 
R i c hmond Bnds S mo o t h e d  
Richmond Colorado 
Gestational Mean Smoothed Percent iles 
Age Patient s Weight 1 0  2 5  5 0  7 5  9 0  
3 5  4 2 7 5 8  2 2 4 6  2 3 2 8  2 57 1 2 7 7 3  2 8 9 9  
3 5  1 88 2 4 83 1 8 0 0  2 1 3 0  2 4 85 2 8 7 0  3 2 0 0  
36 4 2 5 07 2 2 5 3  2 4 0 0  2 6 3 3  2 9 3 3  3 1 2 8  
3 6  202 2 753 2 0 5 0  23 6 0  2 7 1 0  3 09 0  3 3 9 0  
3 7  1 2  3 17 1  2 3 52 2 5 5 8  27 6 0  3 1 06 3 3 3 8  
3 7  3 72 2 86 6  22 60 2 5 65 29 0 0  3 2 3 0  3 5 2 0  
3 8  11 3 2 8 5  2 4 8 3  2 8 0 0  3 0 6 8  3 2 9 0  3 6 5 5  
3 8  63 6 3 025 2 4 3 0  2 72 0  3 03 0  3 3 60 3 64 0  
3 9  2 4  3 17 2  2 5 9 3  2 87 3  3 0 8 5  3 3 3 1  3 6 97 
3 9  1 0 1 0  3 1 3 0  2 5 5 0  2 8 4 5  3 1 4 0  3 4 3 5  3 7 3 5  \D 0 
Gestat ional 
Age 
4 0  
4 0  
4 1  
4 1  
Pat ients 
2 3  
1 1 64 
1 0  
632 
Table 3 1-Con tinued 
Richmond 
Mean 
weight 
3 3 3 9  
3 2 2 6  
3 7 9 5  
3 3 0 7  
10 
2 6 5 2  
263 0 
2 7 7 4  
2 6 9 0  
Colorado 
Smoothed Percent i les 
2 5  
3 0 0 5 
29 3 0  
3 2 1 5  
2990 
50 
3 2 7 8  
3 2 3 0  
3 5 3 4  
3 2 9 0  
7 5  
3 5 2 5  
3 5 2 0  
3 7 7 9  
3 5 80 
9 0  
3 9 67 
3 8 1 5  
4 2 5 8  
3 8 7 0  
\D 
i-" 
9 2  
4 5 0 0  
4 0 0 0  
3 5 0 0  ---
/' -' 
� -
3 0 0 0 
r 
>' ----
2 5 0 0  
/" 
-' -' -' 
2 0 0 0 / 
-' 
-' 
1 5 0 0  
3 4  3 5  3 6  3 7  3 8  3 9  4 0  4 1  4 2  
Figure 2 0 . weight for Richmond and Colorado Ends Smoothed 
4 5 0 0  
4 0 0 0  
3 5 0 0  ---
/' / 
3 0 0 0  
2 5 0 0  ---
/ / / 
2 0 0 0  ,/ 
/ 
/ 
1 5 0 0  
3 4  3 5  3 6  3 7  3 8  3 9  4 0  4 1  4 2  
Figure 2 1 . Smoothed 10th and 9 0th Percent i les for Richmond 
and Colorado 
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in table 3 1  and f igure 2 1  do indicate dif f erences at the 1 0 th 
and 9 0th percent i les between the Richmond and Colorado data . 
The 1 0 th percentile weights of the Colorado infants are 
all smal ler than the 1 0th percentile weights f or the Richmond 
infants . The diff erences between the two groups , decrease 
f rom 35 to 40 weeks . This agrees with the pilot study data 
whi ch had no infants in the SGA group . I f  the 1 0 th 
percent ile l ine f or Richmond infants is actua l ly higher than 
the l Oth percent ile on the weight graph used now , f ewer 
infants will be class ified as SGA when the Colorado graph i s  
used . 
The dif f erences observed in the 9 0th percentile are more 
variable . The Colorado inf ant weights are heavier for the 
3 5 , 3 6 , and 37th weeks . The 9 0th percenti les for the 3 8th 
and 3 9 th weeks are only dif ferent by 1 5  and 3 8  grams 
respectively . At the 9 0th percentile f or the 4 0  and 4 1  week 
groups , the Richmond infant s are heavier . Again this agrees 
with the pilot study data . The LGA infants were 4 0  or 4 1  
weeks gestation . I f  the 9 0th percentile f or these two weeks 
is actually higher than on the current graph , more Richmond 
infants will be identified as LGA when the Colorado graph is 
used . 
Table 3 2  shows the clas sif ication of the infants using 
the Colorado graphs . 
Table 3 2  Weight Class i f icat ions Us ing Colorado Graphs 
WEEKS 
SGA 
LGA 
3 5  
o 
o 
3 6  
o 
o 
37 
o 
1 
3 8  
o 
3 
3 9  
1 
4 
4 0  
2 
5 
4 1  TOTAL 
1 4 
1 1 4  
Four o f  the infants are clas s i f ied as SGA and 14 o f  the 
infants are clas s i f ied as LGA . Table 3 3  shows the 
classifications when the graphs generated f rom the Richmond 
data are used .  
Table 3 3  Weight Clas s i f icat ions Using Richmond Graphs 
WEEKS 
SGA 
LGA 
3 5  
o 
o 
3 6  
2 
o 
37 
o 
1 
3 8  
o 
2 
3 9  
2 
4, 
4 0  
3 
3 
4 1  TOTAL 
1 8 
1 1 1  
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I n  this case eight o f  the infants are classif ied a s  SGA and 
eleven as LGA . Two of these SGA and LGA clas s i f ications are 
in the 3 5  and 3 6  week group . There are f our patient s used to 
generate the graph in this area . I t  i s  questionable i f  the 
observed diff erence in clas s i f i cat ion i s  the result of a 
smal l  sample s i z e  or a true dif f erence . Use of the Richmond 
graph resulted in more infants being classif ied as SGA and 
f ewer clas s i f ied as LGA when compared to clas s i f i cat ion us ing 
the Colorado graphs . 
The graphs and tables comparing the Richmond and Colorado 
data show dif f erences at the 1 0th and 9 0th percenti les . The 
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1 0th percent ile for the Richmond data i s  actually higher than 
the 1 0th percentile f or the Colorado data . This results in 
fewer infant s being ident i f i ed as SGA when the Colorado 
graphs are used . The Colorado graph i s  lower at 4 0  and at 4 1  
weeks than the Richmond graph . This results in more Richmond 
infants being identi f i ed as LGA in the 4 0  week groups . 
TwO Standard Deviat ions f rom the Mean 
Weight graphs have been developed using two standard 
deviat ions f rom the mean as the upper and lower limit s  f or 
AGA infants .  I t  i s  unclear whether graphs us ing this method 
are better at ident ifying high risk infants ( Avery , 1 9 87 ) . 
The purpose of this section i s  to develop graphs u sing two 
standard deviations f rom the mean and compare these graphs to 
the ones used now and the ones produced f rom the Richmond 
data . 
Table 3 4  shows the mean weights and standard deviations 
f or each gestational age . The lower weight limits f or an AGA 
infant f or each gestat ional age were calculated by 
subtracting twice the standard deviation f rom the mean . The 
upper weight l imits for an AGA infant were calculated by 
adding twi ce the standard deviation f rom the mean . These 
limit s  are graphed in f igure 2 2 . These l imits were then 
smoothed us ing three point arithmetic means ( Tukey , 197 7 ) and 
the ends smoothed as previously described . The lower 
Gestat ion 
3 5 . 0  
3 6 . 0  
37 . 0  
3 8 . 0  
3 9 . 0  
4 0 . 0  
4 1 . 0  
Mean 
weight 
27 5 8 . 0  
2 5 07 . 5  
3 17 0 . 8  
3 2 8 5 . 5  
3 17 1 . 9  
3 3 3 8 . 7  
3 7 9 5 . 0  
Table 3 4  
Standard 
Deviat ion ( SD )  
1 8 2 . 8  
4 4 5 . 5  
47 1 . 7 
3 9 2 . 2  
543 . 9  
4 5 6 . 9  
4 3 8 . 3  
weight and Standard Deviat ions 
Mean - 2 SD Mean + 2 SD 
2 3 9 2  . 4  3 12 3 . 6  
1 6 1 6 . 5  3 3 9 8 . 5  
2 2 2 7 . 4  4 1 1 4 . 2  
2 5 0 1 . 1  4 0 6 9 . 9  
2 08 4 . 1  4 2 5 9 . 7  
2 4 2 4 . 9  4 2 5 2 . 5  
2 9 1 8 . 4  4 67 1 . 6  
Smoothed Smoothed 
Lower Upper 
2 1 5 9 . 2  3 19 4 . 5  
2 07 8 . 8  3 54 5 . 4  
2 1 1 5 . 0  3 8 6 0 . 9  
2 27 0 . 9  4 147 . 9  
2 3 3 6 . 7  4 19 4 . 0  
2 47 5 . 8  4 3 9 4 . 6  
2 7 1 6 . 1  4 6 2 1 . 0  
\0 
-..J 
9 8  
4 8 0 0  
4 1 4 0  
3 4 8 0 
2 1 6 0  
1 5 0 0  
3 5  3 6  3 7  3 8  3 9  4 0  4 1  
Ge s t a t i on 
Figure 2 2 . weight + - TwO Standard Deviations 
and upper l imit s  and the smoothed values are shown in table 
34 . These smoothed l imit s  are graphed in f igure 2 3 . 
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Figure 2 4  i l lustrates the smoothed mean plus or minus two 
standard deviat ions and the Colorado data . The smoothed mean 
minus two standard deviations for Richmond falls below the 
1 0th percenti les for Colorado between 37 and 4 0  weeks . The 
smoothed mean plus two standard deviat ions i s  higher than the 
9 0th percentile f or the Colorado data f rom 3 5  to 4 1  weeks . 
Figure 2 5  shows both the smoothed percenti les and the 
mean plus or minus two standard deviations for the Richmond 
data . The mean plus two standard deviations i s  higher than 
the 9 0 th percentile f or all weeks . The mean minus two 
standard deviat ions i s  lower than the 1 0 th percent ile for all 
weeks . 
Each infant was then classif ied as SGA, AGA , or LGA us ing 
these graphs . Table 3 5  shows the number and clas s i f ication 
of infant s by gestat ional age . 
Table 3 5  Classif icat ion Using Standard Deviations 
Weeks 
SGA 
LGA 
3 5  
o 
o 
3 6  
1 
o 
37 
o 
o 
3 8  
o 
2 
3 9  
o 
o 
4 0  
1 
o 
4 1  Total 
1 3 
1 3 
This method identif ies f ewer infant s as SGA or LGA . The 
greatest dif f erence i s  in identi f ication of LGA infant s . 
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Figure 2 4 . Mean + - 2 Standard Deviat ions Richmond and 
Colorado 1 0th and 9 0th Percenti les 
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Figure 2 5 . Mean + - 2 Standard Deviations f or Richmond 
Plotted Against Smoothed Richmond Percent iles 
1 0 2  
Only three infants are ident if ied as LGA compared to 1 1  and 
14 when the Richmond and Colorado graphs are used .  
The graphs using the mean plus o r  minus two standard 
deviations are more l iberal than either the Richmond or 
Colorado graphs . Fewer infants are identi f i ed as at risk . 
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Some o f  the dif ferences among these graphs can be 
understood by examination of f igure 2 6  showing the scatter 
plot of the weight s . The distribution of the weight at 3 8 , 
3 9  and 4 0  weeks i s  skewed to the right . Thi s  skewness i s  
shif t ing the mean up . In these cases the mean i s  larger than 
the median . S ince the mean plus or minus two standard 
deviat ions i s  using the mean as the center , the upper 
boundary of AGA i s  shifted up when compared to the Richmond 
smoothed percent i les and the Colorado graphs . As a result 
fewer infants are ident if ied as LGA when the graph of two 
standard deviations f rom the mean are used . 
Length 
The l ength of the infants ranged f rom 43 centimeters to 
55 centimeters with a mean length of 4 9 . 9  cent imeters . As 
with the weight data , s ix of the gestat ional ages were 
mi s s ing so measurements f rom 9 2  of the infant s were used to 
develop a length graph . 
104 
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Figure 2 6 . Weight and Gestat ional Age 
1 0 5  
The lengths are plotted against gestational age i n  f igure 
27 . Length increases as gestational age increases . The 
points appear clustered together except for two point s at 3 6  
weeks gestation . At 3 6  weeks gestation , two infants had 
lengths shorter than 4 5  cent imeters . 
The original length and head circumference graphs by 
Lubchenco were published three years after the weight graphs . 
The method given by Lubchenco in the 1 9 6 6  art icle was used to 
develop the length and head circumference graphs f rom the 
Richmond measurements ( Lubchenco et al , 1 9 6 6 ) . 
The methods used in the original study and the current 
study to obtain the l ength measurement s are s imilar . Length 
measurements were obtained in the original study by either 
suspending the infant by his ankles or placing the head of 
the infant at the end of the bass inet and extending one l eg 
( Lubchenco et aI , 1 9 6 6 ) . For the current data , infants were 
measured by placing the head at the end of the bas s inet and 
extending one l eg .  
The percenti le charts for length were made using the same 
method as weight . The infants were grouped by gestat ional 
age and l ength , percenti les calculated , and the percenti les 
then smoothed ( Lubchenco et al , 1 9 6 6 ) . There i s  no spec i f ic 
ment ion of length grouping . 
6 0  
5 5  
£. .... 
5 0  0 
II: 
41 
..J 
0 
4 5  
4 0  
3 0  
Figure 27 . 
0 0 
0 0 
� § g 0 0 
Q 
0 
3 5  
0 
g 
§ § e> 
0 0 e>
S Q § 0 o ·0 Q 
0 0 � 
0 0  
0 
0 
4 0  
Ge s t a t i on 
g 
0 
Length and Gestat ional 
1 0 6  
4 5  
Age 
107 
Table 3 6  lists the cumulat ive f requency tables f or length 
for the Ri chmond data . S ince the number of unique l engths is 
much smal l er than the number of unique weight s ,  the lengths 
were not grouped . F igures 2 8 - 34 show the ogives f or these 
data and the calculated percenti les are listed at the bottom 
of the ogives . The ogives were constructed and the 
percent i les cal culated as explained in sect ion 4 . 1 . 1 .  
Figure 3 5  i s  the graph of the unsmoothed percentiles . 
The length at 3 6  weeks gestation is shorter than the length 
at 3 5  and 37 week gestat ions . Length should be increas ing . 
There are only f our infants in the 3 5  and 3 6  week groups . 
The percenti les may not be accurate for one or both of these 
groups since the sample s i z e  is so smal l .  
The l ength percenti les for the original data were twice 
smoothed using three point means ( Lubchenco et al , 1 9 6 6 ) . 
The method used to smooth the ends i s  not explained . Tukey ' s 
method of straight l ine ext rapolation i s  used to smooth the 
ends of the current l ength data ( Tukey , 1977 ) .  Figures 3 6  
and 37 show the 1 0th and the 9 0th percent iles f or the current 
data after one and two smoothings respectively . Table 37 
lists the percenti les after the second smoothing . These two 
smoothings have increased the percenti les at 3 6  weeks 
gestation and lowered the percenti les at 37 weeks gestation . 
Table 3 6  
CUmulative Frequencies f o r  Length 
THE FOLLOWING RESm.,TS ARE FOR : 
THE 
THE 
THE 
COUNT 
2 
GEST 34 . 0 0 0  
CUM CUM 
COUNT PCT PCT 
2 1 0 0 . 0  1 0 0 . 0  
LENGTH 
4 6 . 0 0 0  
FOLLOWING RESm.,TS ARE FOR : 
GEST 3 S . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT LENGTH 
1 1 2 S . 0  2 S . 0  47 . 0 0 0  
1 2 2 S . 0  S O . O  4 8 . 0 0 0  
1 3 2 S . 0  7 S . 0  S O . OOO 
1 4 2 S . 0  1 0 0 . 0  S l . 0 0 0  
FOLLOWING RESm.,TS ARE FOR : 
GEST 3 6 . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT LENGTH 
1 1 2 S . 0  2 S . 0  4 3 . 0 0 0  
1 2 2 S . 0  SO . O  44 . 0 0 0  
1 3 2 S . 0  7 S . 0  4 7 . S 0 0  
1 4 2 S . 0  1 0 0 . 0  4 8 . 0 0 0  
FOLLOWING RESm.,TS ARE FOR : 
GEST 37 . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT LENGTH 
2 2 1 6 . 7  1 6 . 7  47 . 0 0 0  
1 3 8 . 3  2 S . 0  4 8 . 0 0 0  
1 4 8 . 3  3 3 . 3  4 8 . S 0 0  
1 S 8 . 3  4 1 . 7  4 9 . 0 0 0  
4 9 3 3 . 3  7 S . 0  S O . OOO 
3 1 2  2 S . 0  1 0 0 . 0  S l . 0 0 0  
1 0 8  
1 0 9  
Table 3 6-Con tinued 
THE FOLLOWING RESULTS ARE FOR : 
GEST 3 8 . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT LENGTH 
2 2 1 8 . 2  1 8 . 2  4 8 . 0 0 0  
3 5 27 . 3  4 5 . 5  4 9 . 0 0 0  
1 6 9 . 1  5 4 . 5  5 0 . 0 0 0  
2 8 1 8 . 2  7 2 . 7  5 1 . 0 0 0  
2 1 0  1 8 . 2  9 0 . 9  5 2 . 0 0 0  
1 1 1  9 . 1  1 0 0 . 0  5 3 . 0 0 0  
THE FOLLOWING RESULTS ARE FOR : 
GEST 3 9 . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT LENGTH 
1 1 4 . 2  4 . 2 4 6 . 0 0 0  
7 8 2 9 . 2  3 3 . 3  4 8 . 0 0 0  
4 1 2  1 6 . 7  5 0 . 0  4 9 . 0 0 0  
3 1 5  1 2 . 5  62 . 5  5 0 . 0 0 0  
1 1 6  4 . 2 66 . 7  5 0 . 5 0 0  
4 2 0  1 6 . 7  8 3 . 3  5 1 . 0 0 0  
1 2 1  4 . 2  87 . 5  5 2 . 0 0 0  
2 2 3  8 . 3 9 5 . 8  5 4 . 0 0 0  
1 2 4  4 . 2  1 0 0 . 0  5 5 . 0 0 0  
THE FOLLOWING RESULTS ARE FOR : 
GEST 4 0 . 0 0 0  
CUM CUM 
COUNT COUNT PCT PCT LENGTH 
1 1 4 . 3  4 . 3 47 . 0 0 0  
2 3 8 . 7 13 . 0  4 8 . 5 0 0  
6 9 2 6 . 1  3 9 . 1  4 9 . 0 0 0  
4 13 17 . 4  5 6 . 5  5 0 . 0 0 0  
3 16 13 . 0  6 9 . 6  5 1 . 0 0 0  
2 1 8  8 . 7 7 8 . 3  5 2 . 0 0 0  
2 2 0  8 . 7 87 . 0  5 3 . 0 0 0  
1 2 1  4 . 3  9 1 . 3  5 3 . 5 0 0  
2 2 3  8 . 7 1 0 0 . 0  5 4 . 0 0 0  
THE FOLLOWING RESULTS 
GEST 
CUM 
COUNT COUNT 
1 1 
2 3 
1 4 
1 5 
3 8 
2 1 0  
TH E  FOLLOWING RESULTS 
GEST 
CUM 
COUNT COUNT 
1 1 
1 2 
Table 3 6-Con tinued 
ARE 
PCT 
1 0 . 0  
20 . 0  
1 0 . 0  
1 0 . 0  
3 0 . 0  
20 . 0  
ARE 
PCT 
5 0 . 0  
5 0 . 0  
FOR : 
4 1 .  0 0 0  
CUM 
PCT LENGTH 
1 0 . 0  
3 0 . 0  
4 0 . 0  
5 0 . 0  
8 0 . 0  
1 0 0 . 0  
FOR : 
5 0 . 0 0 0  
5 1 . 0 0 0  
5 1 . 5 0 0  
5 3 . 0 0 0  
5 3 . 5 0 0  
54 . 0 0 0  
42 . 0 0 0  
CUM 
PCT LENGTH 
5 0 . 0  5 1 . 0 0 0  
1 0 0 . 0  52 . 0 0 0  
1 1 0  
1 . 0  -
a: 
g: 1:11 
a: 
1.1,1 
c:I. 
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e: 
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0. 
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I V / 
4 7  4 8  4 9  5 0  5 1  5 2  
Length 
Percenti l e  Length 
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2 5 th 47 . 0  
1 0 th 4 6 . 4  
Figure 2 8 . Length at 3 5  Weeks 
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Figure 2 9 . Length at 3 6  Weeks 
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Figure 3 0 . Length at 37 Weeks 
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Figure 3 1 . Length at 3 8  Weeks 
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Figure 3 2 . Length at 3 9  Weeks 
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Figure 3 3 . Length at 4 0  Weeks 
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Figure 34 . Length at 4 1  Weeks 
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Figure 3 5 . Length Unsmoothed Percenti les 
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Figure 3 6 . Length 1 0 th and 9 0th Percenti les After One 
Smoothing 
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Figure 37 . Length 10th and 9 0th Percent iles Ends Smoothed 
Table 37 
Length Smoothed 
Bnds un smoo thed 
Gestat ional Mean 
Length 
3 5  
3 6  
37 
3 8  
3 9  
4 0  
4 1  
Age Pat ients 
4 
4 
1 2  
1 1  
2 4  
2 3  
1 0  
4 9 . 0  
4 5 . 6  
4 9 . 4  
5 0 . 2  
4 9 . 9  
5 0 . 5  
5 2 . 5  
1 0  
4 6 . 4 0 
4 5 . 8 0 
4 5 . 9 8 
4 6 . 6 6 
47 . 47 
4 8 . 4 9 
5 0 . 00 
Smoothed 
Percent iles 
9 0  
5 0 . 6 0 
5 0 . 12 
5 0 . 4 9 
5 1 . 4 6 
5 2 . 4 9 
5 3 . 18 
5 3 . 7 5  
1 2 1 
Table 3 8  l i st s  the percent iles after the ends are 
smoothed and f igure 3 8  i s  a graph of these smoothed 
percenti les with the ends smoothed . Smoothing the ends 
decreased the 1 0th and 9 0th percenti les at both 3 5  and 4 1  
weeks gestation . 
1 2 2  
In f igure 3 9  smoothed Richmond lengths are graphed 
against the Colorado lengths . Table 3 9  lists both the 
Richmond and Colorado smoothed percent iles . The di stance 
between the 1 0th and 9 0th percenti le is shorter for the 
Richmond data . The 1 0th percentile f or the Richmond data i s  
larger f o r  all gestat ional ages . The 9 0th percentile for the 
Richmond data i s  larger than the 9 0th percenti l e  for the 
Colorado data for infants f rom 39 to 4 1  weeks gestat ion . The 
9 0th percentile for the Ri chmond data i s  smaller than the 
9 0th percent ile for the Colorado data f or infants f rom 35 to 
3 8  weeks gestation . 
Table 4 0  shows the classif icat ion of infants length 
measurements using the Colorado graph . 
Weeks 
SGA 
LGA 
Table 4 0  
3 5  3 6  
o 1 
o 0 
Length and the Colorado Graphs 
37 3 8  3 9  4 0  4 1  
o 0 1 0 0  
o 2 1 6 4 
Total 
2 
13 
Table 3 8  
Length Smoothed 
Bnds smoo thed 
Gestat ional 
Age Pat ients 
Mean 
Length 
3 5  4 4 9 . 0  
3 6  4 4 5 . 6  
37 12 4 9 . 4  
3 8  1 1  5 0 . 2  
3 9  2 4  4 9 . 9  
4 0  2 3  5 0 . 5  
4 1  1 0  5 2 . 5  
Smoothed 
Percent iles 
10 90 
4 6 . 0 6 5 0 . 0 3 
4 5 . 8 0 5 0 . 12 
4 5 . 9 8 5 0 . 4 9 
4 6 . 66 5 1 . 4 6 
4 7 . 47 5 2 . 4 9 
4 8 . 4 9 5 3 . 1 8 
4 9 . 67 5 3 . 6 0 
1 2 3  
5 4  
5 2  
5 0  
4 6  
4 4  
3 4  3 5  3 6  3 7  3 8  3 9  4 0  4 1  4 2  
Ge s t a t i on 
Figure 3 8 .  Length 10th and 9 0th Percenti les Ends Smoothed 
1 2 4  
1 2 5  
5 5  
12 6 
Table 3 9  
Length for Richmond and Colorado 
Smoothed Percenti les 
Richmond Colorado 
Gestat ional Mean Smoothed 
Age Patients Length Percent i les 
1 0  9 0  
3 5  4 4 9 . 0  4 6 . 0 6 5 0 . 0 3 
4 6 . 8  42 . 0  5 0 . 2  
3 6  4 4 5 . 6  4 5 . 8 0 5 0 . 12 
4 7 . 5 4 3 . 1  5 0 . 9  
37 12 4 9 . 4  4 5 . 9 8 5 0 . 4 9 
4 7 . 8 4 4 . 1  5 1 . 3  
3 8  1 1  5 0 . 2  4 6 . 6 6 5 1 . 4 6 
4 8 . 5  4 4 . 9  5 1 . 7 
3 9  2 4  4 9 . 9  47 . 47 5 2 . 4 9 
4 8 . 9  4 5 . 5  52 . 0  
4 0  2 3  5 0 . 5  4 8 . 4 9 5 3 . 1 8 
49 . 4  4 5 . 8  52 . 3  
4 1  1 0  5 2 . 5  4 9 . 67 5 3 . 6 0 
4 9 . 6  4 6 . 0  52 . 6  
Two infants are ident if ied as SGA with respect to length . 
All of the infants identif ied as LGA with respect to length 
are between 3 8  and 4 1  weeks gestat ion . 
Table 4 1  shows the length classification of the infants 
using the Richmond graphs . 
Table 4 1  Length and the Richmond Graphs 
127 
Weeks 
SGA 
LGA 
3 5  3 6  
2 2 
o 0 
37 3 8  3 9  4 0  
0 0 2  6 
1 2 1 4 
4 1  
3 
2 
Total 
15 
1 0  
Using the Richmond graphs , 13 more infants are identif ied a s  
SGA than when the Colorado graphs are used . Three of these 
infants are at 3 5  and 36 weeks gestat ion where the 
percent iles are suspect because of small sample s i ze . The 
remaining infants classified as SGA using the Richmond graph 
are between 3 9  and 4 1  weeks gestation . Classif icat ion us ing 
the Richmond graphs results in 3 fewer infants being 
ident if ied as LGA . For both methods , the LGA infants are 
between 37 and 4 1  weeks gestation . 
Head Circumference 
The head circumf erence measurement s ranged from 2 9 . 5  
centimeters to 37 cent imeters with a mean of 3 4 . 1  
cent imeters . The head circumf erences by gestat ional age are 
plotted in f igure 4 0 . As expected the head circumference 
1 2 8  
3 8  
Q <2> 
0 0 
3 6  0 0 Q <2> 0 
GI 0 <2> t,J 0 <2> 0 0 0 0  IC 0 0 0 0  41 
" 3 4  0 0  <2> 0 0 0 g GI 
.. 0 g 0 
II <2> 0 0 g � 
(J 0 " 3 2  <2> 0 0 <2> 0 
u 0 
1:1 g 0 ICI 
III 
� 3 0  
0 
2 8  
3 0  3 5  4 0  4 5  
G e s t a t i on 
Figure 4 0 . Head Circum£ erence and Gestat ional Age 
seems to increase as the gestat ional age increases . The 
points appear clustered together except for one value at 3 6  
weeks gestat ion . That measurement is below 3 0  cent imeters 
and is smaller than the other head circum£erence 
measurement s .  
The method of head circum£erence measurement is the same 
for both the Lubchenco study and the current data . The head 
circum£ erence i s  measured with a disposable tape at the 
largest occipital f rontal circumf erence ( Lubchenco et al , 
1 9 6 6 )  . 
The method used to develop the head circum£erence graph 
using the current data i s  the same method as described in 
section 4 . 3  for the development of the length graph . Like 
the length measurements , the head circum£ erence measurement s 
are not grouped . 
Table 4 2  l ists the cumulat ive frequency tables for head 
circum£ erence by gestat ional age . Figures 4 1 - 47 show the 
1 2 9  
ogives f o r  the cumulat ive f requency tables . The calculated 
percenti les are listed at the bottom of each ogive . Table 4 3  
lists the precentiles prior to any smoothing and the 
percent iles are graphed in f igure 4 8 . As seen f rom the 
graph , the percenti les for 3 6  weeks gestat ion are smaller 
than the percentiles for 3 5  and 3 7  weeks gestat ion . Thi s  is 
the result of the one head circum£ erence measurement below 3 0  
Table 4 2  
Cumulat ive Frequencies for Head Circurn£erence 
THE FOLLOWING RESULTS ARE FOR : 
COUNT 
2 
THE FOLLOWING 
COUNT 
3 
1 
THE FOLLOWING 
COUNT 
1 
2 
1 
THE FOLLOWING 
COUNT 
1 
1 
2 
2 
3 
1 
1 
1 
G 34 . 0 0 0  
CUM CUM 
COUNT PCT PCT 
2 1 0 0 . 0  1 0 0 . 0  
RESULTS ARE FOR : 
G 3 5 . 0 0 0  
CUM CUM 
COUNT PCT PCT 
3 7 5 . 0  7 5 . 0  
4 2 5 . 0  1 0 0 . 0  
RESULTS ARE FOR : 
G 3 6 . 0 0 0  
CUM CUM 
COUNT PCT PCT 
1 2 5 . 0  2 5 . 0  
3 5 0 . 0  7 5 . 0  
4 2 5 . 0  1 0 0 . 0  
RESULTS ARE FOR : 
G 37 . 0 0 0  
CUM CUM 
COUNT PCT PCT 
1 8 . 3  8 . 3  
2 8 . 3  1 6 . 7  
4 1 6 . 7  33 . 3  
6 1 6 . 7  5 0 . 0  
9 2 5 . 0  7 5 . 0  
1 0  8 . 3  8 3 . 3  
1 1  8 . 3  9 1 . 7  
1 2  8 . 3  1 0 0 . 0  
HEAD 
3 2 . 0 0 0  
HEAD 
33 . 0 0 0  
34 . 0 0 0  
HEAD 
2 9 . 5 0 0  
3 2 . 0 0 0  
34 . 0 0 0  
HEAD 
3 1 . 0 0 0  
3 2 . 0 0 0  
33 . 0 0 0  
3 3 . 5 0 0  
3 4 . 0 0 0  
3 4 . 5 0 0  
3 5 . 0 0 0  
3 6 . 0 0 0  
1 3 0  
THE FOLLOWING RESULTS 
G 
CUM 
COUNT COUNT 
1 1 
1 2 
2 4 
5 9 
2 1 1  
TH E  FOLLOWING RESULTS 
G 
CUM 
COUNT COUNT 
3 3 
1 4 
3 7 
1 8 
4 1 2  
3 1 5  
6 2 1  
2 2 3  
1 2 4  
TH E  FOLLOWING RESULTS 
G 
CUM 
COUNT COUNT 
1 1 
1 2 
4 6 
3 9 
7 1 6  
1 17 
4 2 1  
1 2 2  
1 2 3  
Table 4 2-Con tinued 
ARE 
PCT 
9 . 1  
9 . 1  
1 8 . 2  
4 5 . 5  
1 8 . 2  
ARE 
PCT 
1 2 . 5  
4 . 2  
1 2 . 5  
4 . 2  
1 6 . 7  
1 2 . 5  
2 5 . 0  
8 . 3  
4 . 2  
ARE 
PCT 
4 . 3  
4 . 3  
17 . 4  
1 3  . 0  
3 0 . 4  
4 . 3  
17 . 4  
4 . 3 
4 . 3  
FOR : 
3 8 . 0 0 0  
CUM 
PCT 
9 . 1  
1 8 . 2  
3 6 . 4  
8 1 . 8 
1 0 0 . 0  
FOR : 
3 9 . 0 0 0  
CUM 
PCT 
1 2 . 5  
1 6 . 7  
2 9 . 2  
3 3 . 3  
5 0 . 0  
6 2 . 5  
87 . 5  
9 5 . 8  
1 0 0 . 0  
FOR : 
4 0 . 0 0 0  
CUM 
PCT 
4 . 3 
8 . 7  
2 6 . 1  
3 9 . 1  
69 . 6  
7 3 . 9  
9 1 . 3  
9 5 . 7  
1 0 0 . 0  
HEAD 
3 1 . 5 0 0  
3 3 . 5 0 0  
34 . 0 0 0  
3 5 . 0 0 0  
3 6 . 0 0 0  
HEAD 
3 2 . 0 0 0  
3 2 . 5 0 0  
3 3 . 0 0 0  
3 3 . 5 0 0  
34 . 0 0 0  
34 . 5 0 0  
3 5 . 0 0 0  
3 6 . 0 0 0  
3 6 . 5 0 0  
HEAD 
3 1 . 0 0 0  
3 2 . 0 0 0  
3 3 . 0 0 0  
3 4 . 0 0 0  
3 5 . 0 0 0  
3 5 . 5 0 0  
3 6 . 0 0 0  
3 6 . 5 0 0  
37 . 0 0 0  
1 3 1 
THE FOLLOWING RESULTS 
G 
CUM 
COUNT COUNT 
2 2 
1 3 
4 7 
1 8 
1 9 
1 1 0  
THE FOLLOWING RESULTS 
G 
CUM 
COUNT COUNT 
1 1 
1 2 
Table 42-Con tinued 
ARE 
PCT 
20 . 0  
1 0 . 0  
4 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
ARE 
PCT 
5 0 . 0  
5 0 . 0  
FOR : 
4 1 . 0 0 0  
CUM 
PCT 
20 . 0  
3 0 . 0  
7 0 . 0  
8 0 . 0  
9 0 . 0  
1 0 0 . 0  
FOR : 
42 . 0 0 0  
CUM 
PCT 
5 0 . 0  
1 0 0 . 0  
HEAD 
3 4 . 0 0 0  
3 4 . 5 0 0  
3 5 . 0 0 0  
3 5 . 5 0 0  
3 6 . 0 0 0  
3 7 . 0 0 0  
HEAD 
3 4 . 5 0 0  
3 5 . 0 0 0  
1 3 2  
1 . 0  
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Figure 4 1 . Head Circumference at 3 5  Weeks 
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Figure 4 2 . Head Circumf erence at 3 6  Weeks 
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Figure 4 3 . Head Circumf erence at 37 Weeks 
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Figure 4 4 . Head Circum£ erence at 3 8  Weeks 
1 3 6  
1 . 0  
c:: 
� 
co 
c:: 
I.W 
Q. 
2: 0 . 5  
0 
t-
o:: 
C 
� = 
g: 
0.. 
3 2  3 3  3 4  3 5  3 6  3 7  
Head C i rcumf erenc e 
Percent ile Length 
9 0 th 3 5 . 4 0 
7 5th 3 4 . 7 5  
5 0th 3 4 . 0 0 
2 5th 3 2 . 85 
1 0th 3 1 . 85 
Figure 4 5 . Head Circumference at 3 9  Weeks 
137 
1 . 0  
a: 
CI: 
= 
a: 
L&I 
Q. 
� 0 . 5  
C 
... 
fI!: 
C 
� 
C 
" 
0.. 
-
-
[t� 
p-r-
(L 
I 
V 
/ 
II 
A lIT I 
3 1 . 0  
I 
3 2 . 5  3 4 . 0  3 5 . 5  3 7 . 0  
Bead C i rcumf erenc e 
Percent ile Length 
9 0th 3 5 . 9 0 
7 5th 3 5 . 5 5 
5 0th 34 . 3 0 
2 5 th 3 2 . 8 5 
lOth 3 2 . 0 0 
Figure 4 6 . Head Circumference at 4 0  Weeks 
1 3 8  
1 . 0  
a: 
Q: 
= 
a: 
I.lol 
c. 
I: 0 . 5  
C 
.... 
0: 
C 
g. 0 
a: 
0. 
3 4  3 5  3 6  3 7  
Bead C i rcumf e renc e 
Percent ile Length 
9 0 th 3 6 . 2 5  
7 5th 3 5 . 2 5 
5 0th 3 4 . 7 5  
2 5th 3 4 . 2 5 
1 0th 3 3 . 6 5 
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Figure 4 8 . Head Circum£erence Un smoothed Percent i les 
14 1 
14 2 
cent imeters at 3 6  weeks . Head circumf erence does not 
decrease f rom 3 5  to 3 6  weeks gestat ion . There are only f our 
infants in the 3 5  and 36 week groups . Because of these small 
group sizes , it is unclear which , if either , represents the 
true distribut ion of head circumf erence . More measurements 
are needed in these two groups to obtain accurate percent i les 
for 35 and 36 weeks gestation . 
Figures 4 9  and 5 0  show the 1 0th and 9 0th percent i les 
after a f i rst and second smoothing . Figure 5 1  shows the 1 0th 
and 9 0th percenti les with the ends smoothed . The 10th 
percent ile at 3 5  weeks has been lowered by the end smoothing . 
Table 4 4  lists the values of the f inal smoothed percentiles . 
Table 4 5  lists the 1 0th and 9 0 th percent il es for Richmond 
and Colorado . The largest dif ference between the Richmond 
and Colorado percenti les is at the extremes of the 10th 
percent i l e . There i s  a dif ference of 2 . 15 cent imeters at 3 5  
weeks and a dif f erence o f  1 . 65 cent imeters at 4 1  weeks . 
Figure 5 2  shows the graph of these measurement s .  The head 
circumf erence f or Richmond infant s at the 9 0th percent ile is 
smal ler than the Colorado infant s for 3 5  to 3 9  weeks 
gestat ion . The head measurement s for the Richmond infants at 
the 1 0th percentile are smaller than the Colorado infants at 
37 and 3 8  weeks gestation . 
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Figure 5 1 . Head Circumf erence 10th and 9 0th Percent iles 
Ends Smoothed 
14 5 
Table 4 4  
Head Circumf erence Smoothed 
Bnds unsmoothed 
Gestational 
Age Patients 
Mean 
Head 
Ci rcumference 
Smoothed 
Percent iles 
10 90 
35 4 33.25 32.15 33.60 
36 4 31.88 31 . 17 34 . 03 
37 12 33 . 63 30.93 34.60 
38 11 34 . 5 5 31 . 27 35.16 
39 24 34 .13 31.91 35 . 58 
4 0  23 34 . 5 6 32.64 35.90 
4 1  10 35.10 33.65 36 . 25 
Bnds smoothed 
Mean 
Gestational Head Smoothed 
Age Pat ients Circumference Percent iles 
10 90 
35 4 33 . 25 31.66 33 . 5 1 
36 4 31.88 31.17 34 . 03 
37 12 33.63 30.93 34.60 
38 1 1  34.55 31.27 35 . 16 
39 24 34.13 31.91 35.58 
40 23 34 . 5 6 32.6 4  35.90 
4 1  10 35.10 33.4 6 36.23 
14 6 
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Table 4 5  
Head Circumf erence for Richmond and Colorado 
Smoothed Percenti les 
Richmond Col orado 
Mean 
Gestat ional Head Smoothed 
Age Patients Circumf erence Percent i les 
1 0  9 0  
3 5  4 3 3 . 2 5 3 2 . 1 5 33 . 6 0 
32 . 4  3 0 . 0  34 . 5  
3 6  4 3 1 . 8 8 3 1 . 17 34 . 0 3 
3 2 . 9  3 0 . 6  34 . 9  
37 1 2  33 . 6 3 3 0 . 9 3 34 . 6 0 
3 3 . 2  3 1 . 1  3 5 . 2  
3 8  1 1  3 4 . 55 3 1 . 27 3 5 . 16 
3 3 . 4  3 1 . 4  3 5 . 4  
3 9  2 4  3 4 . 13 3 1 . 19 3 5 . 5 8 
3 3 . 6  3 1 . 6 3 5 . 7  
4 0  2 3  34 . 5 6 3 2 . 64 3 5 . 9 0 
3 3 . 8  3 1 . 8  3 5 . 9  
4 1  1 0  3 5 . 1 0 3 3 . 6 5 3 6 . 2 5 
34 . 1  3 2 . 0  3 6 . 0  
14 8 
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Figure 5 2 . Head Circumference Richmond and Colorado 
1 0th and 9 0 th Percent iles 
Table 4 6  lists the clas sif icat ion of the infants us ing 
the Colorado graphs . 
Head Circumf erence and the Colorado Graphs 
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Table 4 6  
Weeks 3 5  3 6  3 7  3 8  3 9  4 0  4 1  Total 
SGA 0 
LGA 0 
1 0 0 2 1 1 5 
o 0 2 2 6 1 1 1  
Five infants are identif ied a s  SGA compared t o  1 1  infants 
ident if ied as LGA . All of the infants identi f ied as LGA are 
between 3 8  and 4 1  weeks gestat ion . 
Table 47 shows the classification of infants us ing the 
Richmond graphs . 
Table 47 
Weeks 3 5  
SGA 2 
LGA 0 
Head Circumference and the Richmond Graphs 
3 6  37 3 8  39 4 0  4 1  Total 
1 0 0 1 2 4 8 
o 0 2 2 6 1 1 1  
These results are simi lar to the results obtained using the 
Colorado graphs . Thi s  method identif ies three more infants 
as SGA . The same number of infant s are ident if ied as LGA by 
both the Richmond and Colorado graphs . 
Characteri stics of Mothers and Infant s 
Thi s  sect ion examines some of the other variables 
collected for the f irst 98 infant s in the f inal study .  The 
purpose of examining these variables is to develop some 
understanding of the characteristics of this sample and to 
identify data col lection concerns . 
1 5 0  
O f  the 9 8  infants , 5 1  are f emale and 4 7  male . There are 
64 black infants and 34 white infants . The pilot study data 
suggested that male infants were larger . Examination of 
weight , l ength , and head ci rcum£ erence by sex shows that the 
mean of all three of these variables is larger for the male 
group . The mean chest circumference and mid arm circum£ erence 
were larger for the f emale infant s . There were 6 9  vaginal 
del iveries and 2 9  Cesearean section del iveries . 
The mean age of the mothers i s  24 years . Examination of 
weight gain showed the mean gain to be 3 0  pounds . Forty- f our 
of the mothers had fewer than 10 prenatal vi s its . Eight of 
the mothers had been hospitalized sometime during their 
pregnancy . 
Twenty- s ix of the mothers had no complications . Sixty­
one of the pati ents had at least one complication . The most 
frequent complication was smoking , with 2 0  mothers report ing 
cigarette use . Preterm labor was reported f or nine of the 
mothers . Eight of the patients had pregnancy induced 
hypertens ion . 
complete socioeconomic data were col lected for 2 8  of the 
mothers . This indicates a problem with col lect ing the 
inf ormation necessary to use the Hol l ingshead tool . A 
Hol l ingshead score may be calculated for only 2 9  percent of 
the patient s . 
1 5 1  
Examination o f  these variables shows thi s sample t o  be 
similar to the pi lot study data . There is still a problem 
collect ing the information neces sary to obtain a Holl ingshead 
score . 
Chapter 5 
Conclusions and Recommendat ions 
Conclusions 
Analys i s  of the pi lot study data indicated no problems 
with measurement reliability for length , head circumf erence , 
and Bal lard score . There was a s igni f icant diff erence 
between chest measurement s between rater 1 and rater 2 .  The 
chest measurement s f or rat er 1 were larger than the chest 
measurement s of rater 2 .  The middle values of the mid arm 
measurement s were larger f or rater 1 compared to rater 2 .  
Analys is of the data f rom the f irst 9 8  infant s in the 
f inal study indicates dif f erences between Richmond and 
Colorado infants in weight , length , and head circumference . 
On the weight graphs the 1 0th percent ile for Richmond infants 
is larger than the 1 0 th percentile for the Colorado infants 
for 3 5 - 4 2  weeks gestat ion . At 4 0  and 4 1  weeks , the 9 0th 
percenti l e  for the Richmond infants is larger than the 9 0 th 
percentile for the Colorado infant s . These di f f erences 
result in fewer Richmond infants being classif ied as SGA and 
1 5 2  
1 5 3  
more infants being classif ied a s  LGA when the Colorado graphs 
are used . 
Using the graph produced using two standard deviations 
f rom the mean , fewer infants are ident if ied as SGA or LGA 
compared to use of the Richmond or Colorado graphs us ing 
percentiles . 
The distance from the 10th to the 9 0th percentile for 
length is shorter for the Richmond infants . The 10th 
percentile is larger at all gestat ional ages f or the Richmond 
infants . Fewer infants are classif ied as SGA in length when 
the Colorado graphs are used . 
The head ci rcumf erence graph for Richmond was s imilar to 
the head circumf erence graph for Colorado . Head 
circumf erence measurements for the Richmond infants are 
larger at the 1 0 th percentile for all gestational ages except 
at 3 7  and 3 8  weeks . 
Recommendat ions 
The method used to clas sify infants in the nurseries as 
SGA , AGA , or LGA at the Medical College of virginia should be 
modif ied f rom the current practice . Classif icat ion should be 
made us ing weight and gestat ional age only . Length and head 
154 
circumference should be examined but should not determine how 
the infant i s  classified .  
Instead of the current graphs , a table of the actual 1 0th 
and 9 0th percent ile measurement s should be used when 
classifying infants . It i s  dif f icult to make very f ine 
di stinctions between clas s i f ications when using the graph . 
The computer system current ly used in the hospital could be 
modif ied to generate infant clas sif icat ion . The infant ' s  
weight and length are already entered in the computer system .  
The head circumf erence and Ballard score could be added to 
the current screens . 
Collection of some of the variables needs modif i cation . 
Gestat ional age should be collected in weeks and days . This 
would be more accurate than rounding to the nearest week . 
The collect ion of EDC should also include whether this is a 
sure or unsure date . This could help explain discrepancies 
between gestational age estimates and measurement s .  Use of 
the Hol lingshead score needs further study and evaluat ion . 
CUrrently there are too many missing values to make the score 
meaningful . 
Although there are dif ferences in the weight , length , and 
head circumference graphs between Richmond and Colorado , it 
is unclear which graphs are better at ident ifying high ri sk 
infants . If data col l ection continues and graphs specific to 
MCVH produced , there i s  nothing to guarantee these graphs 
would ident ify high risk infant s more accurately than the 
current graphs . 
The i s sue of identifying high risk infants needs to be 
studied in a prospective study where infant morbidity and 
mortal ity could be compared with initial nursery 
classification . Infant and maternal factors associated with 
morbidity and mortality could be collected . using these 
variables , a model could be built which would accurately 
identify high risk infant s .  
1 5 5  
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Table 4 8  
Data From F inal Study 
NUMBER SEX RACE WEIGHT LENGTH HEAD CHEST MIDARM BALLARD EDC METHOD 
1 F B 2 67 0 . 0  4 9 . 0  3 3 . 0  3 1 . 0  9 . 0  4 1 . 0  3 9 . 0  2 . 0  
2 M W 2 9 8 0 . 0  4 8 . 0  3 4 . 0  2 9 . 0  1 0 . 0  3 7 . 0  3 6 . 0  1 . 0  
3 F B 2 84 0 . 0 4 8 . 0  3 2 . 0  2 9 . 0  1 0 . 5  3 9 . 0  3 9 . 0  2 . 0  
4 M W 3 3 3 0 . 0 5 1 . 0 3 4 . 0  3 3 . 0  1 0 . 5  4 1 . 0  3 9 . 0  2 . 0  
5 F W 3 18 0 . 0  4 8 . 0  3 5 . 0  3 1 . 0  1 1 . 0 3 9 . 0  3 9 . 0  1 . 0  
6 M W 2 4 3 0 . 0  4 6 . 0  3 2 . 0  2 9 . 0  9 . 0  3 5 . 0  3 4 . 0  1 . 0  
7 M W 2 3 3 0 . 0  4 6 . 0  3 2 . 0  27 . 0  9 . 0  3 5 . 0  3 4 . 0  1 . 0  
8 M B 3 4 6 0 . 0  54 . 0  3 5 . 0  3 3 . 0  1 1 . 0 4 0 . 0  4 0 . 0  1 . 0  
9 F W 3 2 8 0 . 0  5 1 . 0 3 4 . 0  3 3 . 0  1 1 . 0 3 9 . 0  3 9 . 0  2 . 0  
1 0  F W 3 4 2 0 . 0  5 1 . 0 3 5 . 0  3 2 . 0  1 1 . 0 4 0 . 0  4 0 . 0  1 . 0  
1 1  F B 2 2 2 0 . 0  4 6 . 0  3 2 . 0  2 8 . 0  9 . 0  4 0 . 0  3 9 . 0  2 . 0  
12 F B 3 19 0 . 0  4 9 . 0  3 5 . 0  3 3 . 0  1 1 . 0 4 0 . 0  4 0 . 0  2 . 0  
13  M W 3 0 8 0 . 0  5 0 . 0  3 4 . 0  3 0 . 0  1 0 . 0  3 9 . 0  3 8 . 0  2 . 0  
14 M B 3 4 3 0 . 0  5 3 . 0  3 6 . 0  3 2 . 5  12 . 0  4 1 . 0 3 8 . 0  2 . 0  
15  F B 3 2 6 0 . 0  4 9 . 0  3 5 . 0  3 2 . 0  1 1 . 0 4 0 . 0  3 8 . 0  1 . 0  
16 F W 3 3 0 0 . 0  5 1 . 0 3 6 . 0  3 4 . 0  1 1 . 5 4 1 . 0  3 9 . 0  1 . 0  
17 F W 3 5 0 0 . 0  5 0 . 0  3 4 . 0  3 4 . 0  1 1 . 0 3 9 . 0  4 0 . 0  1 . 0  
1 8  F B 2 9 5 0 . 0  5 1 . 0 3 4 . 0  3 2 . 0  1 0 . 0  4 1 . 0  4 1 . 0 2 . 0  
19 M B 2 9 5 0 . 0  5 1 . 0 3 3 . 0  3 1 . 0  1 0 . 5  3 8 . 0  3 5 . 0  1 . 0  
2 0  M W 27 1 0 . 0  5 0 . 0  3 3 . 0  3 0 . 0  9 . 0  3 8 . 0  4 0 . 0  2 . 0  
2 1  M B 3 2 3 0 . 0  5 0 . 0  3 4 . 0  3 1 . 0  1 0 . 0  3 9 . 0  37 . 0  1 . 0  
2 2  M W 2 8 3 0 . 0  5 0 . 0  3 4 . 0  3 0 . 0  1 0 . 0  4 0 . 0  37 . 0  2 . 0  
2 3  F B 2 9 6 0 . 0  4 9 . 0  3 5 . 0  3 0 . 0  1 0 . 5  4 0 . 0  4 0 . 0  1 . 0  
2 4  F B 2 54 0 . 0  4 3 . 0  3 0 . 0  2 9 . 0  9 . 5  3 9 . 0  1 . 0  
I-' 
C\ 
0 
Table 4 8-Con tinued 
Data From Final Study 
NUMBER SEX RACE WEIGHT LENGTH HEAD CHEST MIDARM BALLARD EDC METHOD 
2 5  M B 4 37 0 . 0  5 3 . 0  3 7 . 0  3 5 . 0  1 2 . 0  3 8 . 0  4 0 . 0  2 . 0  
2 6  F W 3 0 0 0 . 0  5 0 . 0  3 4 . 0  3 0 . 0  1 0 . 0  4 0 . 0  3 9 . 0  1 . 0  
27 M B 3 4 8 0 . 0  4 9 . 0  3 6 . 0  3 2 . 0  1 0 . 5  4 0 . 0  4 0 . 0  2 . 0  
2 8  F B 3 07 0 . 0  47 . 0  3 1 .  0 3 4 . 0  1 1 . 5  4 0 . 0  4 0 . 0  2 . 0  
2 9  F B 2 19 0 . 0 4 4 . 0  3 2 . 0  2 8 . 0  8 . 5  3 6 . 0  3 6 . 0  1 . 0  
3 0  M B 2 6 5 0 . 0  4 8 . 0  3 3 . 0  2 9 . 0  9 . 5  4 0 . 0  3 9 . 0  2 . 0  
3 1  M W 2 6 0 0 . 0  4 8 . 0  3 4 . 0  2 9 . 0  9 . 0  4 0 . 0  3 9 . 0  1 . 0  
3 2  M B 3 0 0 0 . 0  4 9 . 0  3 3 . 0  3 2 . 0  1 1 . 0  4 0 . 0  4 0 . 0  2 . 0  
3 3  M B 37 2 0 . 0  5 1 . 0 3 5 . 0  3 5 . 0  1 1 . 0 4 2 . 0  4 2 . 0  2 . 0  
3 4  F W 3 3 2 0 . 0  5 0 . 0  3 6 . 0  3 2 . 0  12 . 0  4 0 . 0  4 0 . 0  2 . 0  
3 5  M W 3 6 5 0 . 0  5 1 . 0 3 5 . 0  3 3 . 0  1 1 . 0 3 8 . 0  4 0 . 0  2 . 0  
3 6  M B 2 6 6 0 . 0  4 8 . 0  3 2 . 0  3 1 . 0  1 0 . 0  3 9 . 0  37 . 0  2 . 0  
37  F B 27 5 0 . 0  47 . 0  3 3 . 0  3 2 . 0  1 0 . 0  4 0 . 0  37 . 0  2 . 0  
3 8  F B 3 2 8 0 . 0  5 0 . 0  3 4 . 0  3 2 . 0  1 1 . 0 4 1 . 0 4 0 . 0  2 . 0  
3 9  M W 3 9 4 0 . 0  52 . 0  3 6 . 0  3 6 . 0  1 3 . 0  4 0 . 0  4 0 . 0  1 . 0  
4 0  M W 2 87 0 . 0  4 9 . 0  3 3 . 0  3 2 . 0  10 . 0  3 8 . 0  4 0 . 0  1 . 0  
4 1  M W 2 6 5 0 . 0  4 9 . 0  3 2 . 0  3 1 . 0  9 . 0  3 8 . 0  4 0 . 0  1 . 0  
4 2  F B 3 17 0 . 0  5 1 . 0 3 4 . 0  3 2 . 0  1 1 . 0 3 9 . 0  3 8 . 0  2 . 0  
4 3  F W 3 87 0 . 0  54 . 0  3 6 . 0  3 4 . 0  1 1 . 0 4 0 . 0  3 9 . 0  1 . 0  
4 4  F B 2 4 1 0 . 0  4 7 . 0  3 1 .  0 3 0 . 0  9 . 0  4 2 . 0  37 . 0  2 . 0  
4 5  F B 2 9 8 0 . 0  4 8 . 0  3 5 . 0  3 2 . 0  1 0 . 0  3 9 . 0  3 8 . 0  1 . 0  
4 6  M B 37 5 0 . 0  5 3 . 0  3 5 . 0  3 4 . 0  1 1 . 0 4 0 . 0  4 1 . 0 1 . 0  
47 M B 3 17 0 . 0  5 0 . 0  3 5 . 0  3 1 . 0  1 1 . 0 3 9 . 0  3 9 . 0  1 . 0  
4 8  F W 3 09 0 . 0  4 9 . 0  3 3 . 0  3 2 . 0  1 0 . 0  37 . 0  
i-' 
0'1 
i-' 
Table 4 8-Con tinued 
Data From Final Study 
NUMBER SEX RACE WEIGHT LENGTH HEAD CHEST MIDARM BALLARD EDC METHOD 
4 9  M B 3 54 0 . 0  54 . 0  3 5 . 0  3 3 . 0  1 0 . 0  4 2 . 0  4 1 . 0  2 . 0  
5 0  M B 3 2 3 0 . 0  53 . 0  3 5 . 0  3 3 . 0  1 0 . 0  4 1 . 0  
5 1  F B 3 1 1 0 . 0  5 0 . 0  3 5 . 0  3 3 . 0  1 0 . 5  3 9 . 0  37 . 0  1 . 0  
52 F B 3 5 5 0 . 0  5 0 . 0  3 5 . 0  3 5 . 0  1 1 . 0 4 1 . 0  4 1 . 0  2 . 0  
53  F B 3 57 0 . 0 5 1 . 0 3 5 . 0  3 3 . 0  1 1 . 0 4 1 . 0  3 8 . 0  2 . 0  
54 F B 3 4 2 0 . 0  5 1 . 0 3 5 . 0  3 2 . 0  1 1 . 0 3 9 . 0  4 0 . 0  1 . 0  
5 5  M B 3 12 0 . 0  4 8 . 0  3 5 . 0  3 1 .  0 1 2 . 0  4 0 . 0  3 9 . 0  2 . 0  
56  F B 3 3 4 0 . 0  4 9 . 0  3 3 . 5  3 2 . 0  4 0 . 0  4 1 . 0  3 8 . 0  1 . 0  
57 F B 3 1 2 0 . 0  4 9 . 0  3 5 . 0  3 1 . 0 1 0 . 5  3 9 . 0  3 8 . 0  2 . 0  
5 8  F B 3 0 8 0 . 0  53 . 0  3 4 . 0  3 2 . 0  1 0 . 0  4 0 . 0  4 0 . 0  1 . 0  
59 M B 4 5 0 0 . 0  5 3 . 5  3 7 . 0  3 6 . 5  1 2 . 0  4 2 . 0  4 1 . 0  1 . 0  
6 0  F B 2 52 3 . 0  4 7 . 0  3 4 . 0  2 9 . 0  9 . 0  37 . 0  3 5 . 0  2 . 0  
6 1  F B 4 2 6 0 . 0  52 . 0  3 6 . 0  3 5 . 0  12 . 5  4 0 . 0  3 8 . 0  1 . 0  
6 2  M B 3 17 0 . 0 5 0 . 0  3 4 . 5  3 1 . 5 1 0 . 0  3 9 . 0  3 9 . 0  1 . 0  
6 3  F B 2 9 3 0 . 0  4 8 . 0  3 2 . 5  3 1 . 0  1 0 . 0  4 1 . 0  3 9 . 0  1 . 0  
64 F B 3 3 3 0 . 0  5 1 . 0 3 3 . 0  3 2 . 0  1 0 . 5  4 0 . 0  3 7 . 0  1 . 0  
6 5  M B 2 84 0 . 0  5 0 . 0  3 3 . 0  2 9 . 5  9 . 5  4 0 . 0  3 5 . 0  2 . 0  
66  M B 27 7 0 . 0  4 9 . 0  3 4 . 5  3 0 . 5  9 . 5  4 0 . 0  3 9 . 0  1 . 0  
67 F B 3 17 5 . 0 4 9 . 0  3 4 . 5  3 2 . 0  1 1 . 0 3 8 . 0  3 9 . 0  1 . 0  
6 8  F W 37 7 0 . 0 5 1 . 0 3 4 . 5  3 4 . 5  1 1 . 5 37 . 0  37 . 0  1 . 0  
6 9  F B 47 6 0 . 0  54 . 0  3 6 . 5  3 9 . 0  1 2 . 5  4 1 . 0  3 9 . 0  1 . 0  
7 0  F B 2 84 0 . 0  4 9 . 0  3 3 . 0  3 0 . 0  1 0 . 0  3 9 . 0  3 9 . 0  1 . 0  
7 1  F W 3 3 2 0 . 0  4 9 . 0  3 3 . 5  3 1 . 0 1 0 . 0  3 8 . 0  37 . 0  1 . 0  
7 2  M B 3 1 1 0 . 0  52 . 0  3 3 . 0  3 2 . 0  9 . 5  3 9 . 0  4 0 . 0  1 . 0  
7 3  F B 3 4 2 0 . 0  5 2 . 0  3 3 . 5  3 2 . 0  1 0 . 0  4 1 . 0  3 9 . 0  1 . 0  
f-' 
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Table 4 8-Con tinued 
Data From Final Study 
NUMBER SEX RACE WEIGHT LENGTH HEAD CHEST MIDARM BALLARD EDC METHOD 
7 4  F W 3 1 1 0 . 0  5 1 . 0 3 5 . 0  3 3 . 0  9 . 0  3 9 . 0  3 9 . 0  2 . 0  
7 5  F W 3 8 3 0 . 0  5 1 . 0 3 4 . 5  3 3 . 0  1 1 . 0 3 9 . 0  4 1 . 0 1 . 0  
7 6  M B 2 9 3 0 . 0  4 8 . 5  3 5 . 0  3 1 . 5 1 0 . 0  4 0 . 0  4 0 . 0  2 . 0  
7 7  F W 27 2 0 . 0  4 8 . 0  3 3 . 0  3 0 . 5  9 . 5  3 6 . 0  3 5 . 0  2 . 0  
7 8  M W 3 9 0 0 . 0  54 . 0  3 6 . 0  3 3 . 5  1 0 . 5  3 9 . 0  4 0 . 0  1 . 0  
7 9  F B 27 9 0 . 0  4 7 . 5  3 2 . 0  3 0 . 0  9 . 5  3 7 . 0  3 6 . 0  2 . 0  
8 0  F W 37 8 0 . 0  5 0 . 5  3 5 . 0  3 5 . 0  1 1 . 5 3 9 . 0  3 9 . 0  2 . 0  
8 1  M B 27 4 0 . 0  4 8 . 0  3 1 . 5  3 0 . 5  9 . 0  3 9 . 0  3 8 . 0  1 . 0  
8 2  M B 3 6 1 0 . 0  5 1 . 0 3 4 . 0  3 3 . 5  1 0 . 5  4 0 . 0  37 . 0  2 . 0  
8 3  M B 3 5 3 0 . 0  5 1 . 5 3 5 . 0  3 2 . 5  1 1 . 0 4 1 . 0  
84 M W 37 9 0 . 0  5 3 . 5  3 5 . 0  3 5 . 0  1 0 . 0  4 0 . 0  4 1 . 0  1 . 0  
8 5  M B 2 07 0 . 0 4 3 . 0  2 9 . 5  27 . 5  8 . 5  3 6 . 0  3 6 . 0  1 . 0  
8 6  F W 4 3 0 0 . 0  5 3 . 5  3 6 . 5  3 6 . 0  1 1 . 5  3 8 . 0  4 0 . 0  2 . 0  
87 F B 3 4 9 0 . 0  5 2 . 0  3 4 . 5  3 4 . 0  1 0 . 0  3 9 . 0  4 2 . 0  2 . 0  
8 8  F B 4 0 9 0 . 0 5 1 . 5 3 4 . 0  3 5 . 5  13 . 0  4 0 . 0  4 1 . 0 1 . 0  
8 9  M B 3 19 0 . 0  5 2 . 0  3 5 . 0  3 1 . 0  1 0 . 0  3 9 . 0  3 8 . 0  2 . 0  
9 0  M W 3 1 8 0 . 0  4 8 . 5  3 5 . 5  3 2 . 0  1 0 . 0  3 9 . 0  4 0 . 0  2 . 0  
9 1  M B 2 5 5 1 . 0  4 6 . 5  3 2 . 0  3 0 . 0  9 . 0  3 9 . 0  
9 2  F B 3 0 3 0 . 0  4 8 . 5  3 3 . 5  3 2 . 5  1 0 . 0  3 9 . 0  37 . 0  1 . 0  
9 3  M B 4 14 0 . 0  5 5 . 0  3 5 . 0  3 4 . 5  1 1 . 0 4 2 . 0  3 9 . 0  1 . 0  
9 4  M B 4 0 0 0 . 0  5 0 . 0  3 6 . 0  3 3 . 5  1 2 . 0  3 9 . 0  37 . 0  1 . 0  
9 5  M W 3 6 3 0 . 0  54 . 0  3 5 . 5  3 3 . 0  1 0 . 0  4 1 . 0 4 1 . 0  1 . 0  
9 6  M W 4 3 2 0 . 0  53 . 5  3 6 . 0  3 5 . 5  1 2 . 0  4 0 . 0  4 1 . 0  1 . 0  
97 F B 2 8 0 0 . 0  4 8 . 0  3 2 . 0  3 1 . 5  9 . 5  3 9 . 0  3 9 . 0  1 . 0  
9 8  M W 2 6 8 0 . 0  4 7 . 5  3 3 . 0  3 0 . 5  9 . 0  37 . 0  
I-' 
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Table 4 8-Con tinued 
Data from Final Study 
NUMBER DEL $  AGE G P AB COMP$ COMP GAIN SOCIOl SOCI02 PNC 
1 SVD 2 5 . 0  5 . 0  4 . 0  1 . 0  F 1 . 0  2 5 . 0  5 . 0  B 
2 CS 37 . 0  5 . 0  2 . 0  3 . 0  E 5 . 0  2 0 . 0  D 
3 SVD 1 8 . 0  3 . 0  2 . 0  1 . 0  4 0 . 0  5 . 0  E 
4 SVD 2 4 . 0  2 . 0  2 . 0  . 0  F 2 . 0  4 2 . 0  6 . 0  5 . 0  C 
5 CS 4 0 . 0  7 . 0  1 . 0  6 . 0  B 1 . 0  2 6 . 0  3 . 0  E 
6 CS 3 5 . 0  4 . 0  4 . 0  . 0  GEN 1 . 0  3 0 . 0  6 . 0  4 . 0  C 
7 CS 3 5 . 0  4 . 0  4 . 0  . 0  GEN 1 . 0  3 0 . 0  6 . 0  4 . 0  C 
8 CS 2 3 . 0  2 . 0  1 . 0  1 . 0  G 1 . 0  2 2 . 0  7 . 0  C 
9 CS 2 4 . 0  2 . 0  1 . 0  1 . 0  F 2 . 0  4 5 . 0  7 . 0  5 . 0  B 
1 0  SVD 1 8 . 0  1 . 0  1 . 0  3 1 . 0  7 . 0  f" '-
11 SVD 1 8 . 0  4 . 0  4 . 0  . 0  F 1 . 0  2 5 . 0  6 . 0  B 
12 CS 27 . 0  3 . 0  2 . 0  1 . 0  F 1 . 0  2 3 . 0  7 . 0  4 . 0  B 
13 SVD 2 0 . 0  1 . 0  1 . 0  . 0  3 5 . 0  4 . 0  C 
14 SVD 2 2 . 0  3 . 0  3 . 0  . 0  K 2 2 . 0  2 0 . 0  3 . 0  B 
1 5  SVD 2 3 . 0  3 . 0  3 . 0  . 0  B 2 . 0  5 . 0  E 
1 6  SVD 3 0 . 0  3 . 0  3 . 0 . 0  D 3 0 . 0  6 . 0  4 . 0  C 
17 SVD 2 2 . 0  2 . 0  2 . 0  . 0  A 5 0 . 0  4 . 0  C 
1 8  CS 2 0 . 0  1 . 0  1 . 0  . 0  C 5 . 0  B 
19 SVD 2 0 . 0  2 . 0  1 . 0  1 . 0  K 4 8 . 0  2 0 . 0  2 6 . 0  4 . 0  C 
2 0  SVD 27 . 0  4 . 0  4 . 0  . 0  F 2 . 0  2 3 . 0  2 . 0  C 
2 1  CS 3 2 . 0  2 . 0  2 . 0  A 4 0 . 0  C 
2 2  SVD 3 0 . 0  3 . 0  2 . 0  1 . 0  FG 3 1 . 0  B 
2 3  SVD 2 1 . 0 2 . 0  1 . 0  1 . 0  C 3 2 . 0  2 . 0  C 
2 4  SVD 2 8 . 0  5 . 0  4 . 0  1 . 0  IG 1 . 0  4 . 0  A 
..... 
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Tab le 4 8-Con tinued 
Data from Final Study 
NUMBER DEL $ AGE G P AB COMP$ COMP GAIN SOCIOl SOCI02 PNC 
2 5  SVD 2 8 . 0  3 . 0  2 . 0  1 . 0  4 . 0  C 
2 6  SVD 2 1 . 0 3 . 0  3 . 0  . 0  F 1 . 0  1 8 . 0  C 
27 CS 2 6 . 0  4 . 0  2 . 0  2 . 0  B 2 . 0  5 . 0  E 
2 8  LSF 2 9 . 0  5 . 0  5 . 0  . 0  
2 9  SVD 2 0 . 0  1 . 0  1 . 0  . 0  I 5 . 0  2 . 0  B 
3 0  SVD 2 4 . 0  3 . 0  3 . 0  . 0  F 2 . 0  3 6 . 0  C 
3 1  SVD 2 6 . 0  4 . 0  3 . 0  1 . 0  F 2 . 0  2 8 . 0  5 . 0  B 
3 2  SVD 2 3 . 0  1 . 0  1 . 0  . 0  A 4 0 . 0  7 . 0 4 . 0  B 
3 3  SVD 2 1 . 0 2 . 0  1 . 0  1 . 0  A 4 5 . 0  4 . 0  B 
3 4  SVD 19 . 0  1 . 0  1 . 0  . 0  F 1 . 0  2 2 . 0  6 . 0  6 . 0  B 
3 5  SVD 2 3 . 0  3 . 0  3 . 0  . 0  2 4 . 0  B 
3 6  SVD 2 0 . 0  2 . 0  1 . 0  1 . 0  F 1 . 0  B 
37 SVD 3 3 . 0  3 . 0  2 . 0  1 . 0  F 1 . 0  2 8 . 0  4 . 0  C 
3 8  SVD 2 1 . 0  2 . 0  2 . 0  . 0  B 2 . 0  4 2 . 0  6 . 0  4 . 0  C 
3 9  CS 2 0 . 0  2 . 0  1 . 0  1 . 0  A 1 0 0 . 0  B 
4 0  CS 2 2 . 0  3 . 0  3 . 0  . 0  FN 1 . 0  6 0 . 0  7 . 0 4 . 0  B 
4 1  CS 2 2 . 0  3 . 0  3 . 0  . 0  FN 1 . 0  6 0 . 0  7 . 0 4 . 0  B 
4 2  SVD 3 4 . 0  3 . 0  2 . 0  1 . 0  A 3 8 . 0  7 . 0  3 . 0  B 
4 3  CS 3 2 . 0  2 . 0  2 . 0  . 0  EF 2 . 0  3 . 0  B 
4 4  SVD 2 0 . 0  5 . 0  3 . 0  2 . 0  FG 1 . 0  1 5 . 0  6 . 0  B 
4 5  SVD 19 . 0  3 . 0  3 . 0 . 0  A 1 0 . 0  7 . 0 4 . 0  B 
4 6  CS 2 4 . 0  4 . 0  2 . 0  2 . 0  HI 3 5 . 0  7 . 0 6 . 0  C 
4 7  SVD 2 2 . 0  2 . 0  1 . 0  1 . 0  A 3 5 . 0  7 . 0 4 . 0  B 
4 8  SVD 19 . 0  2 . 0  2 . 0  . 0  
.... 
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Table 4 8-Con tinued 
Data f rom Final Study 
NUMBER DEL$ AGE G P AB COMP$ COMP GAIN SOCIOl SOCI02 PNC 
4 9  SVD 2 8 . 0  2 . 0  2 . 0  . 0  3 . 0  3 . 0  C 
5 0  SVD 17 . 0  1 . 0  1 . 0  . 0  7 . 0 5 . 0  A 
5 1  SVD 2 8 . 0  3 . 0  3 . 0  . 0  D 2 5 . 0  7 . 0  5 . 0  B 
52 SVD 3 1 .  0 7 . 0  5 . 0  2 . 0  F 2 . 0  2 0 . 0  7 . 0  C 
5 3  SVD 3 4 . 0  3 . 0  2 . 0  1 . 0  FI 2 . 0  3 0 . 0  7 . 0 3 . 0  B 
54 SVD 2 5 . 0  1 . 0  1 . 0  . 0  3 0 . 0  6 . 0  4 . 0  C 
5 5  CS 19 . 0  2 . 0  2 . 0  . 0  2 4 . 0  7 . 0  4 . 0  C 
56 SVD 2 5 . 0  5 . 0  3 . 0  2 . 0  A 1 2 . 0  4 . 0  C 
57 SVD 1 5 . 0  1 . 0  1 . 0  . 0  C 3 0 . 0  7 . 0  6 . 0  B 
5 8  SVD 2 1 . 0  3 . 0  2 . 0  1 . 0  G 1 . 0  14 . 0  7 . 0 B 
5 9  SVD 2 2 . 0  4 . 0  4 . 0  . 0  A 3 5 . 0  7 . 0 B 
6 0  CS 2 0 . 0  1 . 0  1 . 0  . 0  DBN 14 . 0  
6 1  CS 3 6 . 0  4 . 0  3 . 0  1 . 0  D 1 5 . 0  C 
62 SVD 2 6 . 0  1 . 0  1 . 0  . 0  FCM 2 . 0  4 5 . 0  BE 
6 3  SVD 3 0 . 0  5 . 0  3 . 0  2 . 0  G 1 . 0  3 5 . 0  6 . 0  4 . 0  C 
64 SVD 3 2 . 0  2 . 0  2 . 0  . 0  DB 2 . 0  2 5 . 0  6 . 0  4 . 0  B 
6 5  SVD 2 0 . 0  2 . 0  2 . 0  . 0  B 2 . 0  1 2 . 0  C 
6 6  SVD 16 . 0  1 . 0  1 . 0  . 0  A 2 3 . 0  5 . 0  
67 CS 2 5 . 0  3 . 0  2 . 0  1 . 0  FG 2 1 . 0 3 5 . 0  B 
6 8  CS 2 3 . 0  1 . 0  1 . 0  . 0  A 19 . 0  B 
6 9  CS 2 3 . 0  2 . 0  2 . 0  . 0  A 2 0 . 0  CE 
7 0  SVD 2 1 . 0 3 . 0  2 . 0  1 . 0  A 2 0 . 0  B 
7 1  SVD 2 4 . 0  2 . 0  2 . 0  . 0  F 2 . 0  B 
7 2  SVD 17 . 0  1 . 0  1 . 0  . 0  A 2 0 . 0  B 
7 3  SVD 3 6 . 0  1 0 . 0  3 . 0  7 . 0  E 1 . 0  2 2 . 0  2 . 0  3 . 0  C � � 
� 
Table 4 8-Con tinued 
Data from Final Study 
NUMBE DEL$ AGE G P AB COMP$ COMP GAIN SOCIOl SOCI02 PNC 
7 4  SVD 19 . 0  2 . 0  1 . 0  1 . 0  F 2 . 0  19 . 0  3 . 0  C 
7 5  SVD 2 3 . 0  3 . 0  2 . 0  1 . 0  A 2 8 . 0  3 . 0  B 
7 6  SVD 2 3 . 0  5 . 0  4 . 0  1 . 0  F 2 . 0  2 5 . 0  6 . 0  CE 
7 7  SVD 19 . 0  2 . 0  2 . 0  . 0  A 3 2 . 0  6 . 0  C 
7 8  SVD 2 4 . 0  4 . 0  3 . 0  1 . 0  LF 2 . 0  3 4 . 0  6 . 0  C 
7 9  CS 2 8 . 0  5 . 0  2 . 0  3 . 0  A 3 1 . 0 4 . 0  CE 
8 0  CS 2 5 . 0  2 . 0  1 . 0  1 . 0  A 6 9 . 0  4 . 0  4 . 0  C 
8 1  SVD 3 1 . 0  3 . 0 1 . 0  2 . 0  F 1 . 0  3 5 . 0  2 . 0  C 
8 2  CS 2 3 . 0  1 . 0  1 . 0  . 0  C 4 . 0  B 
8 3  SVD 2 2 . 0  5 . 0  5 . 0  . 0  A 5 . 0  B 
84 SVD 2 2 . 0  2 . 0 1 . 0  1 . 0  A 3 3 . 0  2 . 0  5 . 0  C 
8 5  SVD 2 5 . 0  4 . 0  4 . 0  . 0  B 2 . 0  6 . 0  B 
8 6  CS 1 8 . 0  2 . 0  2 . 0  . 0  A 47 . 0  4 . 0  C 
87 CS 2 2 . 0  1 . 0  1 . 0  . 0  A 2 0 . 0  4 . 0  C 
8 8  SVD 2 9 . 0  5 . 0  5 . 0  . 0  A 1 . 0  2 0 . 0  B 
8 9  LSF 14 . 0  1 . 0  1 . 0  . 0  C 17 . 0  B 
9 0  CS 2 9 . 0  4 . 0  2 . 0  2 . 0  F 2 . 0  B 
9 1  SVD 2 8 . 0  5 . 0  5 . 0  . 0  F 1 . 0  
9 2  SVD 19 . 0  3 . 0  1 . 0  2 . 0  F 1 . 0  3 5 . 0  C 
9 3  SVD 2 1 . 0 3 . 0  3 . 0 . 0  B 3 0 . 0  5 . 0  C 
9 4  SVD 17 . 0  2 . 0 2 . 0  . 0  A 7 . 0  
9 5  CS 27 . 0  2 . 0  1 . 0  1 . 0  A 5 5 . 0  3 . 0  A 
9 6  CS 17 . 0  2 . 0  2 . 0  . 0  FE 2 1 . 0 4 5 . 0  6 . 0  B 
97 SVD 12 . 0  1 . 0  1 . 0  . 0  C 27 . 0  6 . 0  C 
9 8  SVD 2 5 . 0  6 . 0  4 . 0  2 . 0  CE 1 . 0  I-' 0\ 
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